CT!»^iti^'i^iiy*iii^iiyjiMii^iy*iMig^»y^^  in 


Bound 

eriodical   iafi58S4 

i&angasi  Citp 
public  Hihvavv 


This  Volume  is  for 
REFERENCE  USE  ONLY 


hf  }?^ff^i?;^[?f^fl^?^tffi^?t]?;^?yrtit7^^ 


From  the  collection  of  the 


^        m 

o  Prelinger 


E 


a 


V    JUibrary 


San  Francisco,  California 
2008 


Index  tb  .theC 


Bell  Teleplione 
Magazine 

Volume  XXIV,  1945 


hijormatio)!   Departi}ie}it 

AMERICAN  TKLKPHONE  AM)  TELKGRAPH  COMPANY' 

New  York  7,  N.  Y. 


BELt  TELEPHONE  MAGAZINE 

VOLUME  XXIV,  1945 
INDEX 

A 

Issue        Page 
Accounting  Department: 

I'iliiis.  use  of,  in  training   Sp  25 

35 

Increase  in  volume  of  work   Wi  309 

Addicks,  V .   F.:    Wi  314 

Adequate  Earnings: 

Gherardi.  Bancroft,  quote  on   Au  102 

Quote  from   "The   Bell   Telephone   System."   by   Arthur   W. 

Page,  on  adequate  earnings    Su  115 

"Reasonable  Earnings  to  Insure  the  Best  Service"  by  Leroy 

A.  Wilson — 11  charts.  3  maps.  1  diagram    Au  137 

American  Telephone  and  Telegraph  Company: 

Authorized  Bell  Laboratories  to  proceed  with  radar  investi- 
gation      W'i  227 

"Amphibious  Operations" — \  photos   Su  96 

Armantrout,  Lawrence  L.:  Biographical  sketch — port Sp  2 

"Welcoming  Bell  System  Veterans  Back  to  Work"   Sp  20 

"Army  Airways  Communications  System:  Nerve  System  of  the 

AAF." — 1  map.  3  diagrams.   16  photos   Su  76 

"Army  Air  Forces  Communications" — 1  diagram.  4  photos   Su  74 

"The  Army  Command  and  Administrative  Network" — map    Su  68 

The  "Ash"— 1 1   photos    Wi  273 

Associated  Companies: 

"The  West  Coast  in  the  War"  by  George  H.  Jess — 17  photos.  .Su  llO 

Aviation : 

"Guardians  of  the  Skyways"  by  H.   C.  Lauderback    \u  188 

B 
Bell  Laboratories: 

Projects  will  be  developed  from  inventions  to  come Sp  14 

"Radar  and   Bell   Laboratories"  by   Mcrvin  J.    Kelly — 4  dia- 
grams, 12  photos,  2  charts  Wi  221 

Radar  development — 4  photos    Wi  262 

W'hippany   plant — photo    Wi  227 

Bell  of  Pennsylvania: 

"Dual    Teleplione    .Service    l-'nds    in    I'liiladeiplii.a"    1)>-    I'eter 

L.    Schaubie— f)    ijliotos    Wi  311 

"The  Bell  System's  First  Order  of  Business"  by  Harold  S.  Os- 
borne— 12   photos    Wi  295 

4 


BEi I  Tii/Jiriiox/-  .\i.i(i.i/J\'n]f^in'i*,x\U'(iu'.\iE  x>:!.r..'  r.  :. 

■■.'••     ■    *,.":,*''','■•-  ' 

.   .      issue     ■  Page' 

Bell  Telephone  Magazine: 

liuUx  to  X'dlunu'  XX  1\'  available   .•,,._,.;..- A  Vi  219 

"Between  Ships  at  Sea"— 5  photos   ■j','.i.\.,;;Su  92 

Biography: 

Armaiitrout,    Lawrence    1,. — port Sp  2 

Clark,  T.  Hunt— port Au  135 

Jess,   George   H. — port Su  131 

Kelly,  Mervin  J.— port Wi  218 

Lack,  Frederick  R.— port Wi  218 

Lauderback,  H.  C— port Au  135 

Mooney,  Ralph    K. — port Sp  3 

Osborne,  Harold  S.— port Wi  219 

Pilliod,  James  J.— port Su  131 

132 

Reynolds,   Walter   M.— port Au  134 

Ronines,  H.  I. — port Au  135 

187 

Rvan.  Harold  L.— port Su  131 

132 

Schauble,  Peter  L.— port Wi  219 

255 

Shaw,  John   M. — port Sp  3 

Sullivan,  Mark  R. — port Sp  2 

Wilson,  Leroy  A. — port Au  134 

"The  Blackboard  Comes  to  Life"  by  John  M.  Shaw— 14  photos  .  .Sp  25 

Bown,   Dr.   Ralph:    Wi  231 

Bush,  Dr.  \'annevar:    Wi  235 

Business  Offices: 

Custodians  of  System's  good  repute   Wi  307 


C 

C.  and  P.  Company: 

"Outwitting  a  River  on  a  Rampage"  by  Ralph  E.  Mooney  .  ..Sp  44 

Camp  Service: 

"The  West  Coast  in  the  War"  by  George  H.  Jess   Su  12r) 

Carrier  Systems: 

"The    Messages    go    Through    in    Many    Ways,"    by    H.    I. 

Romnes — 5  photos,  3  diagrams,  map   Au  203 

Charts: 

Distrilnition  of  telephones  by  class  of  service   Au  139 

Financial  trends,  some  wartime    Au  loO 

Growth  in  Bell  System  telephones  and  in  L'.  S.  population   .  .  .Au  138 

National  income,  net  gain  in  Bell  System  telephones,  and   .  .  .  .Sp  15 

Radar  coverage  extended  beyond  range  of  guns   W  i  235 

Radiotelephone  messages,  numljer  of   Xn  1-^2 

Rates,  average  station-to-station  day  rates    Vu  143 

Ship  telephone  service   Au  14^ 

Stock,  A.  T.  &  T.  Co.  (3)    Au  149 

Stockholders,  number  and  distribution  of  A.  T.  &  T.  Co Au  144 

5 


!:  .'*•.  ''.^^Av/i^'  7^'i7.7i>',f/dy4";-i4i(/-^-^/A^£  index,  volume  xxw 

'''^'  •  •   ',         '  t    .• '.  '.•','/.   •"'    [•'•  Issue        Page 

'.    TckphoiteS,  »net'gk»fi 'in  B^ll' SystcMii  ....  and  national  in- 

com^i,  .-.,.,.• Sp  15 

Toll  and'tlcNfCGj •distance  messages,  number  of  Au  140 

Cincinnati  Company: 

"Outwitting  a  River  on  a  Rampage"  bj'  Ralph   E.  Mooney   ..Sp  46 

Civil  Aeronautics  Administration: 

"(iuardians    of    the     Skyways"    by     H.     C.     Lauderback — 7 

l)hotos.   3   maps    Au  188 

Clark,  T.  Hunt:  Biography — port Au  135 

rThat  First  Call  Home" — 11  photos  Au  174 

Coachella  Valley  Telephone  Company: 

"The  West  Coast  in  the  War"  by  George  H.  Jess   Su  121 

Coaxial  Cables: 

"Looking  Ahead  in  the  Bell  System"  by   Mark   R.   Sullivan 

— photo      Sp  10 

"The    Messages    go    Through    in    Many    Ways"    by    H.    I. 

Romnes    Au  203 

Progress  of  Bell  System  coaxial  cable  program — map .A.u  152 

Cockcroft,  J.  D. :   Wi  234 

Colton,  Maj.  Gen.  Roger  B. : — port Wi  244 

261 
285 
Commercial  Department: 

Films,  use  of,  in  training Sp  26 

35 
Communications : 

"Electrical   Communications  in  World-wide   Warfare"    Su  54 

I.  "On    the    Ground"    by    Harry    C.    Ingles — port — 55 

photos    Su  54 

II.  "In  the  Air"  by  Harold   M.   McClelland — port — 24 

photos    Su  73 

III.  "At  Sea"  by  Joseph  R.  Redman — port — 34  photos.. Su  85 
"Eyes  and  Ears  of  a  Carrier" — 2  photos W^i             269 

Construction : 

"The  Bell  System's  First  Order  of  Business"  by  Harold  S. 

Osborne— 12   photos Wi  295 

"Looking  Ahead  in  the  Bell  System"  by  Mark  R.  Sullivan   .  .  .Sj)  15 

"Reasonable  Earnings  to  Insure  the  Best  Service"  by  Leroy 

A.  Wilson    Au  137 

"Station  Ashore" — 6  photos    Su  88 

"The  West  Coast  in  the  War"  by  George  H.  Jess— 17  photos. Su  116 

D 

Darwin,  Sir  Charles   \\'i  234 

Debarkation  Service: 

"That  First  Call  Home"  by  T.  Hunt  Clark— 11  photos .\u  174 

Diagrams: 

Aerial  Communications   Equipment    Su  84 

"Army  Air  Fortes   Communications"    Su  74 

6 


BELL  TELEPHONE  MAGAZINE  INDEX.  VOLVME  XX 11' 

Issue  Page 
Atlanta  airways  traffic  control  area  illustrating  the  layout  of 

the  C.A.A.  interphone  network  Au  193 

Carrier  systems    Au  2 1 :) 

Direction  finders  for  pilots   Su  80 

Frequency  variations  for  different  types  of  transmission   ....Au  205 

Ground-to-air  contact  with  pilot   Su  79 

"How  War  Consumes  Telephone  Wire"    Su  70 

K-Carrier  circuit  between  Cape  Charles  and  Norfolk,  Va..   ...Au  213 

Landing  Approach  System   Su  81 

Long  distance  connection  established  by  operator  dialing   ...Au  156 

Manual  toll  operation    Su  102 

Ohio  step-by-step  toll  dialing  network    Su  110 

Operator  Toll  Dialing   Su  103 

Radar  antenna  "scans"  the  target  area  Wi  240 

Radar  development — 2  diagrams    Wi  225 

Radar  helps  control  the  fire  of  a  ship's  guns  Wi  237 

Radio  telephone  service  to  motor  vehicles  Sp  17 

Radio  telephony,  urban  mobile  service   Au  l54 

Dial  Systems: 

Long  distance  connection  established  by  operator  dialing — 

diagram    -■^" 

"Looking  Ahead  in  the  Bell  System"  by  Mark   R.   Sullivan 

—photo    •  •  ■  Sp  12 

"Operator  Toll   Dialing— A   New   Long   Distance    Method" 
by  James  J.  Pilliod  and  Harold  L.  Ryan— 2  diagrams,  3 

maps,  3  photos   Su 

Directories: 

Telephone  service  and   ^^  ' 

Dow,  Commodore  J.  B ^^  ' 

"Dual   Telephone   Service   Ends   in    Philadelphia"    by    Peter    L. 

Schauble— 6  photos    '^^'i  ^'^^ 


E 


156 


101 

308 

225 


146 


Eastman,  Joseph  B. :  Quote  on  debt   Au 

Editorial — N.  Y.  Times: 

•  Singing  Wires ' Sp  52 

"Electrical  Communications  in  World-wide  Warfare": 

I.  "On  the  Ground"  by  Harry  C.  Ingles— port— 55  photos   ..Su  54 

II.  "In  the  Air"  by  Harold  M.  McClelland— port— 24  photos.  Su  73 

III.  "At  Sea"  by  Joseph  R.  Redman— port— 34  photos Su  85 

.Electronics: 

"Electrical  Communications  in  World-wide  Warfare"   Su  54 

I.  "On    the    Ground"    by    Harry    C.    Ingles— port— 55 

photos    Su 

II.  "In  the  Air"  by   Harold   M.   McClelland — port — 24 

photos    Su  73 

III.  "At  Sea"  by  Joseph  R.  Redman — port — 34  photos.. Su  85 

7 


54 


HELL  TELEPHOXE  MAGAZI\E  INDEX.  lOLl'ME  XXir 

Issue        Page 
Emergencies: 

"'I'hc  Bell  System's   J'"irst   Order  of   iWisiiiess"   hy    Harold   S. 

Osborne — 12    photos    Wi  295 

"Outwitting  A  River  on  a  Rampage"  by  Ralph   IC.   Mooney 

—9   photo>    Sp  41 

Employee  Benefits: 

Stimulating  interest  in,  through  films  Sp  27 

"Welcoming  Bell  System  \'eterans  Back  to  Work"  by  Law- 
rence L.  Armantrout    Sp  21 

Employee  Morale: 

Making  a  humdrum  jol)  interesting  through  films   Sp  27 

Employees  in  Service: 

"Welcoming  Bell  System  X'eterans  Back  to  Work"  l)y  Law- 
rence L.  Armantrout  Sp  20 

Employment: 

"Looking  Ahead  in  the  Bell  System"  bj-  Mark  R.  Sullivan  . .  .Sp  16 
"Welcoming  Bell  System  Veterans  Back  to  Work"  by  Law- 
rence L.  Armantrout  Sp               20 

Equipment: 

"The  Bell  System's  First  Order  of  Business"  l)y  Harold  S. 

Osborne— 12  photos   Wi  295 

"Electrical  Communications  in  World-wide  Warfare"   Su  54 

L     "On    the    Ground"    by    Harry    C.    Ingles — port — 55 

photos    Su  54 

II.  "In  the  Air"  by  Harold   M.   McClelland— port— 24 

photos    Su  73 

III.  "At  Sea"  by  Joseph  R.  Redman — port — 34  photos.. Su  85 
"Looking  Ahead  in  the   Bell   System"  by   Mark   R.    Sullivan 

— 8  photos    Sp  8 

12 
"Operator  Toll  Dialing — A  Xew  Long  Distance  Method"  by 
James  J.   Pilliod   and   Harold   L.    Ryan — 2   diagrams,   3 

maps,  3  photos   Su  101 

"Western  Electric  Tackles  the   Peace-time    Emergency"   by 

Walter  M.  Revnolds — 13  photos  Au  136 

158 
"Eyes  and  Ears  of  a  Carrier" — 2  photos AN'i  269 

F 

Federal  Communications  Commission: 

Keystone  Telephone  Company  Merger  and   Wi  312 

Requested  to  provide  for  a  general  radio  telephone  service  to 
motor  vehicles  on  a  common  carrier  basis,  in  their  allo- 
cation of  radio  wave  lengths   Sp  14 

Finance: 

"Looking  Ahead  in  tlie  Bell  System"  by  Mark  R.  Sullivan   .  ..Sp  18 

"Reasonable  Earnings  to  Insure  the  Best  Service"  l)y  Leroy 

A.  Wilson    Au  137 

Some  wartime  financial   trends — chart    Au  150 

8 


HULL  TELHI'IlOXli  .\LU,.l/.L\Ii  LXDLIX.  roLCMIi  .\.\  1 1 

Issue  Paprc 
Floods: 

"( )ut\\  ittiut;  a  l\i\<.T  mi  a  IvainpaKc     l>\'  Ralph  E.  Mooney — 

')  photos    S^)  41 

"For  Silent  Ships"— 1  map,  2  photos  Su  90 

Fowler,   Sir    Ralpli    \Vi  234 

Freehafer,  Carl  R.— port    \Vi  312 

319 

"Fundamentals  of  Naval  Communications" — 1  map   Su  86 

G 

Gherardi,  Bancroft:  Adequate  earnings,  quote  on   An  202 

Gifford,  Walter  S. :  Earnings,  quote  on  An  157 

Letter    from    Major    General    Ingles    praising    Hell    S\-stem 

"Communications    Committee"    Sp  19 

"Pledge  to  American  Pul)lic"    W'i  310 

"Guardians  of  the  Skyways"   by   H.   C.   Lauderback — 7   jihotos. 

3  maps    \n  188 

H 

Hannenberg,  Bill : An  173 

Held  Applications: 

"The  Bell  System's  First  Order  of  Business"  l)y  Harold  S. 

Osborne — 12    photos    \\'i  295 

"Looking  Ahead  in  the  Bell  System"  by  Mark  R.  Sullivan   .  .  .Sj)  7 

"The  West  Coast  in  the  War"  by  George  H.  Jess   Su  12^ 

"How  War  Consumes  Telephone  Wire" — Diagram,  1  photo Su  70 

Hussey,  Rear  Admiral  d.  F.,  Jr. :   Wi  250 

I 
Illinois  Company: 

"Outwitting  a  River  on  a  Rampage"  by  Ralph  E.  Mooney   ...Sp  49 

Indiana  Company: 

"Outwitting  a  River  on  a  Rampage"  by  Ralph  E.  Mooney   .  .  .  Sp  49 

Information  Department: 

Role  in  production  and  procurement  of  training  films   Sp  40 

Ingles,    Harry    C.    (Maj.    Gen.):    "Electrical    Communications    in 
World-wide    Warfare — I.     On     the    Ground" — port — 54 

photos    Su  54 

Letter   to   Walter    S.    GifFord    praising    Bell    .System    "Com- 
munications  Committee"    Sp  19 

J 

Jess,  George  H.:   Biographical  sketch — port    Su  131 

132 
"The  West  Coast  in  the  War" — 17  i)hotos    Su  116 

9 


BELL  TRLEPflOXE  \L\CAZINE  INDEX.  I'OLUME  XXIf 

Issue        Page 
K 

Kelly,  Mcrviii  J.:   Biography — port   : \Vi  218 

"Radar    and    Bell    Laboratories" — 4    diagrams,     12    photos, 

2  charts    Wi  221 

Keystone  Telephone  Company: 

"Dual  Telephone  Service  l-^nds  in  Philadelphia"  I)y   Peter  L. 

Schauble — 6  photos    Wi  31 1 

King,  Admiral   E.  J.:   Wi  239 


Lack,  Frederick  R.:  Biography — port   Wi  218 

"Radar  and  Western  Electric"    Wi  283 

Lauderback,  H.  C. :  Biography — port   Au  135 

"Guardians  of  the  Skyways" — 7  photos,  3  maps   Au  188 

Levinger,    David :    Wi  162 

165 
173 
Long  Distance: 

Long  distance  messages,  number  of — 2  charts   Au  140 

141 

"Looking  Ahead  in  the  Bell  System"  by  Mark  R.  Sullivan  .  ..Sp  10 

"The  W^est  Coast  in  the  W^ar"  by  George  H.  Jess — 17  photos. Su  116 
Long  Distance — Operator  Dialing: 

Development  of  toll  line  dialing  by  operators   Sp  12 

Long  distance  connection  established  by  operator  dialing — 

diagram    Au  1 56 

"Operator  Toll   Dialing — A   New   Long   Distance    Method" 
by  James  J.  Pilliod  and  Harold  L.   Ryan — 2  diagrams, 

3  maps,  3  photos   Su  101 

Long  Distance — Subscriber  Dialing: 

"Looking  Ahead  in  the  Bell  System"  by  ^lark  R.  Sullivan — 

photo    Sp  13 

Long  Lines  Department: 

Floods,  protective  measures  against    Sp  42 

Overseas  switchboard,  picture  of    Sp  16 

"The  W'est  Coast  in  the  War"  by  George  H.  Jess   Su  129 

"Looking  Ahead  in  the  Bell   System":  by   Mark   R.   Sullivan — 

10  photos,  chart,  diagram    Sp  5 

Loomis,  Dr.  Alfred  L.:    Wi  231 

M 

McClelland,  Harold  M.  (Alaj.  Gen.):  "Electrical  Communications 
in    World-wide    Warfare — H.    "In    the    Air" — port — 24 

photos.  5  diagrams,  2  maps    Su  73 

"The  Main  Channels  of  Military  Communication" — 55  photos  .  .  .  .Su  55 

Maps: 

Areas  for  the  nation-wide  numbering  plan,  V.  S. — map   Su  105 

Bomber  Command  in  contact  with  Air  Force  Headcjuarters   ..Su  82 

10 


BEI.L  TEI.EPIIOSE  M ACA/.IN E  IXPEX.  I'OI.VME  XXir 

Issue       Page 

Cape  Cliarlos-Ndrfolk,  Va.  radio  telephone  circuit    Au  213 

Civil  Aeronautics  Administration  interphone  network   Au  192 

193 

Coaxial  cahles,  progress  of  Bell  System  program    Au  152 

Florida,  radar  map  of   \Vi  256 

Xaval    Communications    system,    major    point-to-point    cir- 
cuits of    Su  86 

Navy  Radio  Broadcasting  Stations    Su  90 

Ohio  step-by-step  toll  dialing  network   Su  110 

Radar  map  of  Cape  Cod  area — photo    . Wi  223 

Radio  relay  system — New  York — Boston   Au  153 

Radio    telephony.    Bell    System    direct    overseas    circuits — 

present  and  planned    Au  •  15o 

Radioteletypewriter  circuits    Su  68 

Routing  a  call  from  Gettysburg,  Pa.,  to  Fresno,  Cal Su  107 

San  Francisco  to  Saipan   Su  76 

Teletypewriter   network    of    the    Civil    Aeronautic    Adminis- 
tration      Au  19-1 

Mergers: 

"Dual  Telephone  Service  Ends  in  Philadelphia"  by  Peter  L. 

Schauble — 6   photos    ^Vi  311 

"Messages  Go  Through  in  Many  Ways,  The"  by  H.  I.  Romnes 

— 5  photos,  3  diagrams,  map   Au 

Military  Telephone  Service: 

"Electrical  Communications  in  World-wide  Warfare" 

I.  "On    the    Ground"    by    Harry    C.    Ingles — port— 55 
photos    Su 

II.  "In  the  Air"  by  Harold  M.   McClelland— port— 24 
photos    Su 

III.  "At  Sea"  by  Joseph  R.  Redman— port— 34  photos.. Su  85 
Mobile  Radio  Telephone  Service 

See  Radio  Telephony 
Mooney,  Ralph  E.:  Biographical  sketch— port   Su  3 

"Outwitting  a  River  on  a  Rampage"— 9  photos   Sp  41 

Motion  Pictures: 

"The    Blackboard    Comes    to    Life"    by    John    M.    Shaw— 14 

photos    Sp  25 

Motion  Pictures — Catalogues: 

Nearly  200  films  listed  in  Bell  System  catalogue— photo Sp  27 

N 

National  Defense  Research  Committee: 

Radar   development    Wi  262 

Radar  program    Wi  231 

"Naval  Air  Transport  Service" — 5  photos   Su  98 

Naval  Research  Laboratory: 

"Radar  and  Bell  Laboratories"  by  Mervin  J.   Kelly — 1  dia- 
grams, 12  photos,  2  charts   ^^  i  221 

"Navy  Communications  Center" — 4  j^hotos   Su  100 

11 


203 


54 


/o 


HELL  TELEPHONE  .U,l(,.lZL\l:  LXDEX,  J'OLUME  A'.V/r 

Issue        Page 
New  Jersey  Telephone  Company: 

"Dual  Tt'k'plione  Service  lCn(l>  in   IMnladelpliia"  by   I'eter  L. 

Scliaiihie — (>   photos    Wi  311 

O 

Ohio  Company: 

"Outwitting  a  River  on  a  Rampage"  by  Ralph  E.  Mooney   ...Sp  45 

Oliphant,  M.  L.:   Wi  235 

"On  Shipboard" — 6  jjhotos   Su  94 

Operator  Long  Distance  Dialing 

See  Long  Distance — Operator  Dialing 
"Operator   Toll    Dialing — A    New    Long    Distance    Method"    by 
James   J.    Pilliod   and    Harold    L.    Ryan — 2   diagrams.   3 

maps.  3  photos    Su  101 

Operators: 

"Operator  Toll  i^ialing — A  Xew  Long  Distance  Method"  by 
James   J.    Pilliod   and   Harold   L.    Ryan — 2   diagrams,   3 

maps,   3   photos    Su  101 

Recruiting     Wi  309 

"The  West  Coast  in  the  War"  by  George  H.  Jess   Su  125 

Osborne,  Harold   S.:   "The   Bell   System's   First   Order  of   Busi- 
ness"— 12  photos   Wi  295 

Biography — port    Wi  219 

"Outwitting  a   River  on  a   Rampage"   by   Ralph    E.    Mooney — 9 

photos    Sp  41 

P 

Pacific  Company: 

"The  West  Coast  in  the  War"  I>y  George  H.  Jess — 17  photos.  Su  116 

Page,  Arthur  W.:  Quote  from  "The  Bell  Telephone  System"  on 

technological  improvement    Su  115 

Quote  from  "What  We  Think  Almut  Held  Orders" Wi  298 

299 

Patton,  George  S.   (  General ) :    Su  119 

120 

Pilliod,  Tames  J.:  Biographical  sketch — port   Su  131 

132 
Pilliod,  James  J.  and  Ryan,  Harold  L. : 

"Operator   Toll   Dialing — A    New    Long   Distance    Method" 

— 3  maps,  2  diagrams,  3  photos    Su  101 

Plant  Department: 

"The  Bell  System's  First  Order  of  Business"  by  Harold  S. 

Osborne— 12    photos     Wi  295 

Films,  use  of,  in  training    Sp  25 

26 
37 

Podzimek,    Joe :     Au  171 

172 

12 


BELL  TLLLPIIOMi  .\LU;.1ZL\I:   LXPL^X.  rOLCML:  X \ I r 

Issue        PaRo 
Policies: 

r.cll    Systoni    policy     Sp  24 

Post- War  Planning: 

"Looking  Alioad  in  tlie  Bell  System"  l)y  Mark  R.  Sullivan — 

10   photos,   cliart.   diajirani    Sj)  5 

"Operator  Toll  Dialing — A  Xew  Lonp:  Distance  Method"  I)y 
James    j.    I'illiod    and    Harold    L.    R\an — 2    diaKrani>,    .^ 

maps,  .^  photos    Su  101 

Price,    Ralph:    Au  170 

R 
Radar: 

The  "Ash"— 1 1   photos    Wi  273 

"Electrical    Communications    in    World-wide    Warfare — II. 

"In   the   Air"   by   Maj.   Gen.    Harold    M.    McClelland— 2 

maps,  5  diagrams,  25  photos    Su  7.i 

R.D.R.— 3  photos    Wi  282 

Radar:  A  Story  in  Pictures — 54  photos   Wi  257 

"Radar  and   Bell  Laboratories"  by   Mervin  J.   Kelly — 1  dia- 

grani.s,  12  photos,  2  charts   Wi  221 

Radar — and  the  Engineer — 2  photos   Wi  271 

"Radar  and  Western  Electric"  by  Frederick  R.  Lack Wi  283 

Radar  at  Sea — 2  photos    Wi  268 

Radar  development — 4   photos Wi  262 

Radar  in  the  Air — 3  photos   Wi  267 

Radar — its  test  in  battle — 5  photos   Wi  264 

Radar  tooling — 3  photos   Wi  272 

Radar's  inventors — 2  photos    Wi  261 

These  women  made  radar — 1 1   photos    Wi  278 

Radio: 

"Electrical   Communications  in  World-wide  Warfare" 

I.     "On    the    Ground"    by    Harry    C.    Ingles — port — 55 

photos    Su  54 

H.      "In   tlie    Air"   by    Harold    M.    McClelland- port— 24 

photos    Su  73 

III.     "At  Sea"  by  Joseph   R.  Redman — port — 34  photos.. Su  85 

"The    Messages    go    Through    in    Many    Ways"    by    H.    I. 

Romnes     Au  203 

Radio  Relay  System: 

"Looking  Ahead  in  the  Bell  S\stem"  by  Mark  R.  Sullivan   ...Sp  11 

"The    Messages    go    Through    in    Many    Ways"    by    H.    I. 

Romnes    Au  215 

Xew   York — Boston — map    Au  153 

Radio  Telephony: 

Bell    System    direct    overseas    circuits — present    and    planned 

— map    Au  155 

Cape  Charles-Norfolk,  \'a.  radio  telephone  circuit — diagram  ..  Au  213 

"Electrical   Communications   in   World-wide   W'arfare"    Su  54 

I.     "On    the    Ground"    by    Harry    C.    Ingles — port — 55 

photos    Su  54 

13 


lilil.I.  TELEPHONE  MAGAZINE  INDEX.  VOLUME  XXir 

Issue       Page 

II.  "In  the  Air"  by  Harold  M.   McClelland— port— 24 

photos    Su  73 

III.  "At  Sea"  by  Joseph  R.  Redman — port — 34  photos.. Su  85 
"Guardians    of    the    Skyways"    by    H.    C.    Lauderback — 7 

photos,  3  maps    Au  1 88 

"Looking  Ahead  in  the  Bell  System"  by   Mark  R.  Sullivan 

— diagram     Sp  14 

17 
"The    Messages    go    Through    in    Many    Ways"    by    H.    I. 

Romnes    Au  203 

Quote  from  a  "Telephone   Hour"   radio  broadcast   on  radio 

telephony    Su  132 

Radiotelephone  messages,  number  of — chart    Au  142 

Urban  mobile  radiotelephone  service — diagram    Au  154 

Rates — Telephone : 

"Operator  Toll   Dialing — A   New    Long   Distance   Method" 
by  James  J.   Pilliod  and   Harold   L.   Ryan — 2  diagrams, 

3  maps,  3  photos Su  101 

Quote   from   "The   Bell   Telephone   Sy  tjm"   by    .\rthiir   W. 

Page  on  telephone  rates    Su  115 

Rates — Telephone — Long  Distance: 

Average  station-to-station  day  rates    Au  143 

"Reasonable  Earnings  to  Insure  the  Best  Service"  by  Leroy  A. 

Wilson — 11  charts,  3  maps,  1  diagram Au  137 

Reconversion: 

"Western  Electric  Tackles  the  Peace-time   Emergency"  by 

Walter  M.  Reynolds — 13  photos    Au  136 

158 

Western  Electric  turns  to  peace   Wi  297 

Redman,  Joseph  R.  (Rear  Admiral):  "Electrical  Communications 
in    World-wide    Warfare — III.    "At    Sea"— 2    maps,    34 

photos    Su  85 

Research: 

"The    Messages    Go    Through    in    Many    Ways"    by    H.    I. 

Romnes    Au  203 

Quote  from   "The   Bell   Telephone   System"   by   Arthur   W. 

Page  on   research    Su  115 

"Radar  and   Bell  Laboratories"  by  Mervin  J.   Kelly — 4  dia- 
grams, 12  photos,  2  charts   Wi  221 

Radar  development — 4  photos   '■  •  •  Wi  262 

Reynolds,  Walter  M. :   Biography — port Au  134 

"Western    Electric   Tackles   the    Peace-time    Emergency" — 

13  photos Au  136 

158 
135 
187 


Romnes,    H.    I.:    Biograpliy — port    \" 


203 


"The  Messages  Go  Througli   in   Many   Ways" — 5  photos.  3 

diagrams,  map    Au 

Root:  J.  W.:  port  Wi  315 

319 

14 


BELL  TELEPHONE  .\LU;.I/.L\E  L\I)EX,  rOUME  XMl 


Issue        Page 

Ruble,  Capt.  W.  G.:  Wi  225 

Rural  Service: 

"Looking  Ahead  in  the  Bell  System"  by  Mark  R.  Sullivan — 

photo    ^P  12 

Rural  Telephone  Service: 

"Reasonable  Earnings  to  Insure  the  Best  Service"  by  Lcroy 

A.  Wilson   Au  157 

Ryan,  Harold   L.:   Biographical  sketch — port    Su 


"Operator  Toll  Dialing— A  Xew  Long  Distance  Method"  by 
Harold  ,L/ Ryan  and  James  J.  Pilliod— 3  maps,  2  dia- 
grams, 3  photos   Su 


131 
132 


101 


142 

52 


Schauble,  Peter  L. :  Biography— port   Wi  219 

"Dual  Telephone  Service  Ends  in  Philadelphia"— 6  photos  .  .Wi  311 

Shaw,  John  M.:   Biographical  sketch — port   Sp  3 

"The  Blackboard  Comes  to  Life"— 14  photos   Sp  25 

Ship  Telephone  Service — Chart Au 

"Singing  Wires" — Xew  York  Times  editorial  Sp 

Slide  Films: 

"The    Blackboard    Comes    to    Life"    by   John    M.    Shaw — 14 

photos    Sp  25 

Southern  Bell  Company: 

"Outwitting  a  River  on  a  Rampage"  by  Ralph  E.  Mooney   ..Sp  47 

49 

"Station  Ashore" — 6  photos   Su  88 

"Station  War"— 5  photos    Su  72 

Stock:  3  charts  Au  148 

149 

Stockholders : 

Number  and  distribution  of — chart    Au  144 

"Reasonable  Earnings  to  Insure  the  Best  Service"  by  Leroy 

A.  Wilson    Au  137 

Subscriber  Dialing 

See  Long  Distance — Subscriber  Dialing 
Sullivan,  Mark  R. :  Biographical  sketch — port  Sp  2 

"Looking    Ahead    in    the    Bell    System" — 18    photos,    chart, 

diagram     Sp  o 

Surveys: 

Keystone  Telephone  Company  sul)scril)ers   Wi  315 


Taylor,  Dr.  A.  H. :   Wi  225 

Port    Wi  261 

Telephone  Centers: 

"That  First  Call  Home"  by  T.  Hunt  Clark— 11  photos Au  174 

15 


A7:7./.    IIU.HPHOXE  MACAZISll  IXPEX.  lOLUME  XXI l' 

Issue       Page 
Telephone  Service: 

"Tlic  Bell  System's  First  Drdcr  of  Business"  by  Harold  S. 

Osborne — 12    photos    Wi  295 

"Dual  Telephone  Service  Ends  in  P]iila(leli)hia"  by  Peter  L. 

Schauble — 6  photos    Wi  31 1 

"The    Messages    Go    Through    in    Many    Ways"    by    H.    I. 

Ronines    Au  203 

Quote  from  A.  T.  cS:  T.  Annual  Report  for  1945  Wi  310 

"Reasonable  Earnings  to  Insure  the  Best  Service"  by  Leroy 

A.  Wilson   , Au  137 

Telephones: 

"The  Bell  System's  First  Order  of  Business"  by   Flarold  S. 

Osborne— 12    photos    Wi  295 

"Panic  on  the  Telephone"    Wi  294 

Telephones — History : 

"Operator   Toll    Dialing — A    Xew    Long    Distance    Method" 
by  James  J.  Pilliod  and  Harold  L.  Ryan — 2  diagrams,  3 

maps,  3  photos   Su  101 

"Reasonable  Earnings  to  Insure  the  Best  Service"  by  Leroy 

A.  Wilson    Au  137 

Telephones — Statistics : 

Distribution  of  telephones  by  class  of  service  Au  139 

Growth  in  Bell  System  telephones  and  in  U.  S.  population   ..Au  138 

"Reasonable  Earnings  to  Insure  the  Best  Service"  by  Leroy 

A.  Wilson    Au  137 

Toll  and  long  distance  messages,  nuiTiber  of  Au  140 

Telephotography : 

"The    Messages    go    Through    in    Many    Ways"    by    H.    I. 

Romnes     Au  203 

Teletypewriters: 

"Electrical  Comnmnications  in  W'orld-wide  W^arfare"    Su  54 

I.  "On    the    Ground"    by    Harry    C.    Ingles — port — 55 

photos    Su  54 

II.  "In  the  Air"  by   Harold   M.    McClelland— port— 24 

photos    Su  73 

III.  "At  Sea"  by  Joseph  R.  Redman — port — 34  i)hotos  .  .Su  85 

"Guardians  of  the  Skyways"  by  H.  C.  Lauderback   \u  188 

"The    Messages    go    Through    in    Many    Ways"    by     H.     I. 

Romnes    ^n  -^'^ 

"The  West  Coast  in  the  War"  by  (Jeorge  H.  Jess   Su  125 

Television : 

"Looking  Ahead  in  the  Bell  System"  by  Mark  R.  Sullivan   ..Sp  11 
"The    Messages    go    Through    in    Many    W'ays"    by    H.    I. 

Romnes     Au  203 

"That  First  Call  Home"  by  Clark  T.  Hunt— 11   photos   .\u  174 

Timm,  Hill;    ^»  1^6 

Tizard.   Sir    1  knry    Wi  232 

Toll  Calls: 

Number  of  toll  and  long  distance  messages — chart  Au  140 

16 


HEI.J.  TEl.EPIIOXE  M.IC.l/IXIi   l\l>l-.\.  rol.rMIl  .V.V/f 

IssiK'         i^asc 
Traffic  Department: 

l'"ihns,  use  of,  in  trainin,i>    Sp  26 

38 

Telephone   service   and    Wi  308 

"The  West  Coast  in  the   War"  l)y  (leors^e   H.  je^s    Su  116 

Training: 

lieli  Lal)oratories  "School  for  War  '{'raining" — plioto   Wi  253 

"The    Blackboard    Conies    to    Life"    l)y    John    M.    Shaw— 14 

photos    Sp  25 

Off-the-job     class-room     instruction     for     Western     h'lectric 

employees    Wi  299 

"Welcoming  Bell  System  Veterans  Back  to  Work"  l)y  Law- 
rence  L.   Armantrout Sp  22 

24 
"Twentieth  Air   Force   Communications" — 1    mai).    1    diaKram,   4 

photos    Su  82 

V 
Veterans — World  War  II: 

"Welcoming  Bell  System  \'eterans  Back  to  Work"  1)\-  Law- 
rence L.  Armantrout   Ap  22 

24 
Visual  Aids: 

"The    Blackboard    Comes    to    Life"    by   John    M.    Shaw — 14 

photos    .  .  .  .- Sp  25 

W 

Watson- Watt,  Sir :    Wi  261 

"Welcoming  Bell  System  Veterans  Back  to  Work"  by  Lawrence 

L.   Armantrout    Sp  20 

"The  West  Coast  in  the  War"  by  George  H.  Jess — 17  photos  .  . .  .Su  116 
Western  Electric  Company: 

"Radar  and  Bell   Laboratories"  by   Mervin  J.   Kelly — 4  dia- 
grams,  12  photos,  2  charts    Wi  221 

"Radar  and  Western  Electric"  by  1-^rederick  R.  Lack   Wi  283 

These  women  made  radar — 1 1   photos    \Vi  278 

"File  West  Coast  in  the  War"  by  George  H.  Jess — 17  photos.  Su  116 
"Western   Electric  Tackles  the   Peace-time   Emergency"   by 

Walter  M.   Reynolds — 13  photos    An  136 

158 
"Western    Electric    Tackles    the    Peace-time     Emergency"    by 

Walter   M.   Reynolds — 13   pliotos    Au  136 

158 

Wilson,  Leroy  A. :  Biography — port    Au  134 

"Reasonable     Framings    to     Insure    the     Best    Service" — 11 

cliarts.  3  maps,   1   diagram    \u  137 

Women: 

"Radar  and  Western   Electric"    Wi  289 

These  women  made  radar — 11  photos    Wi  278 

17 


BEI.L  TELEPHONE  MACAZINE  INDEX.  rOLLWIE  XXII' 

Issue  Page 
World  War  II: 

"Communications    Committee,"    letter    from    Major    General 

Ingles  in  praise  of  ; Sp  19 

"Electrical  Communications  in  World-wide  Warfare"   Su  54 

I.  "On    the    Ground"    liy    Harry    C.    Ingles — port — 55 

photos    Su  54 

II.  "In  the  Air"  by  Harold  M.  McClelland— port— 24 

photos    Su  73 

III.  "At  Sea"  by  Joseph  R.  Redman — port — 34  photos.. Su  85 

"Eyes  and  Ears  of  a  Carrier" — 2  photos  Wi  269 

Radar:  A  story  in  pictures — 54  photos  Wi  257 

"Radar  and  Bell  Laboratories"  by  Mervin  J.  Kelh \  dia- 
grams, 12  photos,  2  charts  Wi  221 

"Radar  and  Western  Electric"  by  Frederick  R.  Lack  Wi  283 

"The  West  Coast  in  the  War"  by  George  H.  Jess — 17  photos. Su  116 


prh 

Illll 

11 

MAG? 

Looking  Ahead  in  the  Bell  System  •  Mark  R.  Sullivan 
'elcoming  Bell  System  Veterans  Back  to  Work  •   Lawrence  L.  Armantrout 
The  Blackboard  Comes  to  Life  •  John  M.  Shaw 
Outwitting  a  River  on  a  Rampage  •    Ralph  E.  Mooney 


ican^elephone  &-^ele^aph  Companv  *l\[ewwrk^ 


Bell  Tdcphonc^am^e 


spring  1945 


Looking  Ahead  in  the  Bell  System,  Mark  R.  Sullivan,  5 

Welcoming  Bell  System  Veterans  Back  to  Work, 
Lawrt'ticc  L.  Armantroiit,  20 

The  Blackboard  Comes  to  Life,  John  M.  Shaiv,  25 

Outwitting  a  River  on  a  Rampage,  Ralph  E.  Mooncy,  41 


"  The  ideal  and  aim  of  the  American  Telephone  and  Telegraph  Company  and  its  Associated 
Companies  is  a  telephone  service  for  the  nation,  free,  so  far  as  humanly  possible, from 
imperfections,  errors,  or  delays,  and  enabling  anyone  anywhere  to  pick  up  a  telephone 
and  talk  to  anyone  else  anywhere  else,  clearly,  quickly  and  at  a  reasonable  cost.'* 
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Who's  Who  &  What's  What 
in  This  Issue 


Looking  ahead — foresight — is  a  prime 
requisite  of  the  telephone  industry  even  in 
normal    times,   and   a   characteristic   of   the 


Mark  R.  Sullivan 

industry's  leaders.  It  assumes  redoubled 
importance  now,  in  view  of  the  problems 
and  uncertainties  which  appear  to  loom 
large  in  the  years  immediately  after  victory. 
Into  this  period  Mark  R.  Sullivan  takes 
a  long  look ;  and  what  he  sees  ahead  augurs 
well  for  increased  and  improved  service  to 
the  public  while  presenting  to  the  Bell 
System  opportunities  for  great  accomplish- 
ment. Joining  the  Pacific  Telephone  and 
Telegraph  Company  as  a  traffic  clerk  in 
1912,  Mr.  Sullivan  had  become  by  1928 
general  traffic  manager  of  the  company's 
Northern  California-Nevada  area.  Six 
years  later  he  was  made  vice  president  and 
general  manager  of  that  area,  in  1938  his 
duties  became  company-wide  when  he  was 


made  chief  of  staff  of  the  operating  vice 
president's  organization,  and  the  following 
year  he  was  elected  vice  president  in  charge 
of  operations.  In  1941  he  left  the  Pacific 
Coast  to  become  a  vice  president  of  the 
A.  T.  &  T.  Company,  where  he  is  head 
of  the  Department  of  Operation  and  Engi- 
neering. His  previous  contributions  to  this 
Magazine  include  "The  Organization  of 
Large-scale  Engineering  Work."  "The  Bell 
System's  Post-war  Construction  Program,  " 
and  "The  Impact  of  War  on  Long  Distance 
Service." 

Uncertainties  there  may  be  as  to  what 
peace  may  bring;  but  there  is  no  doubt 
about  the  cordial  welcome  which  awaits 
Bell  System  employees  returning  from  the 


Lawrence  L.  Armantrout 

war,  the  thought  and  care  which  have  gone 
into  the  plans  for  re-establishing  these 
60,000  men   and  women   happily  and   pro- 


Bell  Telephone  Magazine 


ductively  in  the  organization,  and  the  need 
for  their  contributions  to  the  continuing 
growth  of  the  business.  Lawrence  L. 
Armantrout,  who  makes  clear  these  mat- 
ters in  later  pages,  joined  the  A.  T.  &  T. 
Company's  Personnel  Relations  Depart- 
ment in  1943,  coming  to  it  from  the  Michi- 
gan Bell  Telephone  Company.  In  that 
company,  he  entered  the  Traffic  Depart- 
ment in  1925,  and  held  various  assign- 
ments involving  manual,  dial,  and  toll  op- 
eration until,  in  1937,  he  was  transferred 
to  the  company's  Personnel  Department. 
Since  going  to  New  York  two  years  ago,  he 
has  been  principally  engaged  on  personnel 
problems  to  which  the  war  has  given  spe- 
cial emphasis. 

Production  of  motion  pictures  is  no  new 
enterprise  in  the  Bell  System,  but  their 
direction  toward  specific  training  problems 
in  various  departments  is  receiving  added 
impetus  as  they  prove  their  value  in  that 
field  and  as  the  training  job  necessary  for 
post-war  expansion  grows  bigger  on  the  ho- 
rizon. John  M.  Shaw,  who  directs  the 
A.  T.  (Sc  T.  Company's  motion-picture 
program   as  assistant  vice  president  in   the 


the  Army  in  the  last  war.  Since  that  time 
he  has  been  general  information  manager 
of  the  Chesapeake  and  Potomac  Telephone 
Companies  and  an  assistant  vice  president 
in  the  Public  Relations  Department  of  the 
New  York  Telephone  Company — relin- 
quishing the  latter  post  last  year  to  rejoin 
the  A.  T.  &  T.  Company. 

As  a  long-time  resident  of  St.  Louis,  Ralph 
E.  MooNEY  has  an  acquaintance  with  the 
Father  of  Waters  which  gives  him  some 
knowledge  of  what  is  likely  to  happen  when 


Ralph   E.   Mooney 


a  river  goes  on  a  rampage — a  useful  back- 
ground for  the  preparation  of  his  article 
from  information  supplied  by  the  Bell  Sys- 
tem companies  in  the  area  affected  by  this 
year's  Ohio  River  flood.  After  some  years 
of  newspaper  and  trade  journal  experience, 
and  service  in  World  War  I  as  a  Captain 
of  Infantry,  he  joined  the  Southwestern 
Bell  Telephone  Company  in  1922.  In  1924 
he  became  editor  of  the  Southwestern  Tele- 
phone News,  moved  over  to  the  advertising 
staff  in  1938,  and  late  last  year  transferred 
to  the  Information  Department  of  the  A. 
T.  &  T.  Company,  where  he  has  recently 
Information  Department,  first  joined  that  been  appointed  Historical  Librarian.  He 
department  in  1930  after  some  years  of  is  the  author  of  two  novels  and  has  con- 
experience  in  other   public  services  and   in       tributed  to  various  periodicals. 


John  M.  Shaw 
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By  means  of  the  buttons  of  the  key  set  at  her  right  hand,  comparable  in  purpose  to 

a  telephone  dial,  this  outward  toll  operator  sets  in  motion  a  sequence  of  connections 

which  will  complete  a  call  directly  to  a  subscriber  in  a  distant  city — as  discussed  in 

the  article  beginning  on  the  opposite  page 


li^ith  Peace  Will  Come  a  Constructive  Program  Including 

the  Resumption  of  War-held  Projects  and  the  Development^ 

Extension^  and  Improvement  of  Many  Services 


Looking  Ahead  in  the 
Bell  System 

Mark  R.  Sullivan 


Now  THAT  V-E  Day  is  behind  us 
and  a  gradual  relaxation  of  controls 
over  materials  and  manpower  is  in 
prospect,  questions  are  raised  regard- 
ing Bell  System  plans  for  expansion. 
Forecasts,  always  subject  to  the  un- 
certainties of  the  future,  are  more 
uncertain  today  than  ever  because  of 
the  many  unknown  factors  ahead. 
Any  estimate  of  the  future,  there- 
fore, must  be  considered  with  full 
realization  of  the  imponderables  in- 
herent in  the  present  situation. 

There  is  one  issue  concerning 
which  there  can  be  no  uncertainty 
whatsoever.  The  shooting  may  be 
over  in  Europe,  but  the  war  will  not 
be  over  until  the  last  gun  is  fired  in 
the  Pacific.  Until  that  happy  day 
arrives,  the  primary  duty  of  every 
person  is  to  back  up  the  armed  forces 
100  percent.  To  telephone  workers, 
the  obligation  to  serve  has  special 
significance;  for  they  are  entrusted 
with  the  responsibility  of  furnishing 


the  nation  with  its  telephone  serv- 
ice— and  telephone  service  is  a  war 
essential  of  the  first  magnitude.  The 
coordination  of  military  activities, 
war  production,  transportation,  and 
every  activity  of  the  country  depends 
upon  it.  The  more  than  30,000  mil- 
lion calls  handled  annually  speed  up 
all  of  the  social,  commercial,  and  in- 
dustrial activities  of  the  nation,  and 
thus  add  immeasurably  to  its  ability 
to  wage  war.  Telephone  men  and 
women  are  in  the  fortunate  position 
of  being  able — short  of  actually  serv- 
ing in  the  armed  services — to  help 
speed  victory  by  doing  their  best, 
day  in  and  day  out,  on  their  regular 
jobs. 

Most  questions  relating  to  future 
plans  have  to  do  with  the  kind  of 
projects  to  be  undertaken  and  the 
speed  with  which  they  are  expected 
to  get  under  way.  The  kind  of  proj- 
ects ahead  can  be  stated  with  reason- 
able    assurance.       The    speed    with 
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which  they  will  be  undertaken  can- 
not, however,  be  accurately  foreseen. 
The  flow  of  available  men,  materials, 
and  money  and  the  level  of  business 
conditions  will  control  the  speed  with 
which  the  job  is  done. 


pedients   adopted  only   for   the 
war  period. 

4.  Providing  improved  equipment 
on  customers'  premises. 

5.  Strengthening  the  long  distance 
network,      including     provision 


I 


The  lineman  at  the  left  is  making  a  rolled  sleeve  joint.     There  will  be  need  tor  many 
more  circuits  in  the  post-war  period 


A  bird's-eye  view  of  the  outstand- 
ing projects  ahead  is  as  follows: 

1.  Catching  up  with  requests  for 
services  now  held  in  abeyance 
because  of  lack  of  facilities. 

2.  Catching  up  with  plant  short- 
ages to  provide  for  the  volume 
of  business  presently  being  han- 
dled. 

3.  Replacements  of  temporary  ex- 


for    television    and    the    use    of 
radio  facilities. 

6.  Extension  and  improvement  of 
rural  telephone  service. 

7.  Replacement  of  manual  equip- 
ment by  dial  equipment  for 
local  service. 

8.  Provision  of  equipment  for  op- 
erator  dialing   on   toll   circuits. 

9.  Provision     of     equipment     for 
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subscriber   dialing  of   toll   calls 
where  applicable. 

10.  Extension  of  service  in  such 
fields  as  service  to  motor  ve- 
hicles, overseas  telephone  serv- 
ice,  etc. 

11.  Provision  for  growth. 

Some  details  on  each  of  these 
projects  are  outlined  in  the  following 
paragraphs. 


Bell  System  companies  are  holding 
about  two  million  applications  for 
main  telephone  service  for  lack  of 
facilities,  and  so  far  this  year  (first 
half  of  1945)  the  number  has  been 
increasing  at  the  rate  of  about  75,000 
per  month.  In  addition,  there  is  a 
backlog  of  other  requests  for  service 
including  particularly  400,000  re- 
quests   for    residence    extension    tele- 


^'^^m 


A  ROTTED   POLE   is  being  replaced  by  one  of  creosoted  pine.     Where  safety  is   in- 
volved, maintenance  has  not  been  neglected  during  the  war 


Catching  Up  With  Requests 
for  Service 

The  first  aim  will  be  to  provide 
service,  without  delay,  for  all  who 
wish    it.      At    the    present    time    the 


phones.  To  be  sure,  all  of  this  back- 
log will  not  remain  firm:  many  appli- 
cants will  undoubtedly  have  moved 
away  or  for  other  reasons  will  not 
wish  the  service  when  we  are  ready 
to  install  it.     What  this  "melt" — as 
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Desk-stand  telephones,  now  in  use  in 

large  numbers,  will  gradually  be  replaced 

by    improved   instruments   such    as    the 

combined  set  shown  below 


we  call  it  in  the  industry — may  be  is 
entirely  a  matter  of  conjecture,  but  it 
could  well  be  substantial.  On  the 
other  hand,  there  is  probably  a  large 
demand  for  services  not  expressed  in 
our  backlog  because  many  people, 
knowing  of  the  difficulties  of  getting 
service  at  this  time,  have  deferred 
placing  their  applications  until  a  more 
favorable  time.  Whether  the  firm 
backlog  turns  out  to  be  two  million 
or  something  higher  or  lower  is  spec- 
ulative, but  all  things  considered,  it 
seems  clear  that  taking  care  of  the 
backlog  will  be  a  project  of  consider- 
able magnitude. 

Clearing  Up  Plant  Shortages 

During  war-time  it  has  been  found 
advisable  to  load  the  plant  beyond  its 
normal  capacity  in  order  to  give  the 
maximum  amount  of  service.  This 
overloading  will  need  to  be  corrected. 
Additional    central    office    equipment, 


particularly  dial,  will  be  necessary  to 
restore  pre-war  speed  of  service  on 
local  exchange  calls  and  to  absorb 
temporary  peaks  in  traffic.  Many 
additional  toll  circuits  will  also  be  re- 
quired. An  increase  of  approxi- 
mately one  third  in  the  present  toll 
circuit  mileage  is  estimated  to  be 
needed  to  restore  pre-war  speed  of 
toll  service,  and  we  plan  not  only  to 
reestablish  but  to  improve  upon  that 
speed.  Exchange  cable  plant  will  be 
required  to  make  individual  lines 
available  to  those  who  wish  them 
where  only  party  line  service  can  now 
be  provided. 

Keplacing  Temporary  Expedients 

Some  of  the  expedients  adopted  dur- 
ing wartime  to  give  the  most  service 
with  the  least  manufacture  of  new 
equipment  and  construction  of  new 
plant  are  not  satisfactory  for  con- 
tinued operation.     One  item  of  this 
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nature  is  represented  by  800,000 
telephone  sets  of  the  pre-war  types, 
which  normally  would  have  been 
junked  but  which  had  been  saved  for 
the  war  emergency  and  put  back  into 
service.  In  some  cases,  needed  ex- 
tensions of  local  exchange  cable  have 
been  temporarily  avoided  by  running 
pairs  of  open  wire.  It  will  also  be 
necessary  to  catch  up  on  certain  main- 
tenance work  which  has  necessarily 
been  deferred  during  the  war  period, 
and  which  will  involve  capital  ex- 
penditures as  well  as  current  expense. 

Itnproving  Equipment  on 
Customers'  Premises 

Before  the  war,  the  telephone 
companies  were  proceeding  with  the 
program   of   improving   the    type   of 


equipment  on  subscribers'  premises. 
Desk-stand  telephones  were  coming 
out  of  service  at  the  rate  of  nearly  a 
million  a  year.  This  program  will  be 
resumed:  there  are  still  about  two 
and  one-half  million  desk  stands  in 
service,  in  addition  to  those  referred 
to  in  the  foregoing  paragraph  as  be- 
ing put  back  because  of  war  short- 
ages. Other  improvements  in  cus- 
tomers' equipment  for  which,  un- 
doubtedly, there  will  be  a  demand  in 
the  future  are  dial  PBXs  in  place  of 
the  manual  PBXs,  and  key  sets  in 
place  of  the  older  types  of  wiring 
plans  with  separate  keys.  New 
forms  of  intercommunicating  equip- 
ment and  improved  types  of  colorctl 
hand  sets  will  be  available  after  the 
war.     Also,  it  will  be  desirable  to  re- 


KEYS  in  the  telephone  (below) 
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place  some  of  the  older  types  of  dials, 
which  are  noisy,  and  to  modernize  a 
large  number  of  public  telephones. 

Strengthening  the  Long  Distance 

Network 

Over  the   years,   the   Bell   System 


of  long  distance  cable  in  service. 
Plans  have  been  made  for  the  appre- 
ciable strengthening  of  this  cable  net- 
work by  the  installation,  over  the 
next  several  years,  of  about  10,000 
additional  route  miles.  The  addi- 
tional cable  includes  a  very  important 
new    transcontinental    route    supple- 


has  tremendously  improved  its  long     menting  the  existing  transcontinental 


Coaxial  cable  will  have  an  important  role  in  the  expansion  ot  the  Bell  System's 
long  distance  cable  network.  Here  a  1,500-foot  reel  of  cable  containing  six  coaxials 
is  being  loaded  onto  the  trailer  of  the  plow  train  which  deposits  it,  30  to  36  inches 

deep,  directly  in  the  ground 


distance  facilities  by  the  gradual  in- 
stallation of  a  large  country-wide  in- 
terconnected network  of  toll  cables. 
Much  of  this  cable  network — about 
70  percent — is  underground,  and 
even  the  30  percent  which  is  on  poles 
is  much  less  subject  to  damage  by 
storms  and  other  hazards  than  open 
wire  circuits  on  pole  lines.  There 
are   now    about    25,000   route   miles 


open  wire  and  cable  routes.  The 
new  transcontinental  cable  will  cross 
the  southern  part  of  the  country, 
passing  through  Atlanta,  Dallas,  and 
El  Paso  and  terminating  at  Los  An- 
geles. Another  important  cable  route 
will  be  from  Chicago  and  St.  Louis 
south  to  New  Orleans,  intersecting 
the  southern  transcontinental  route 
at  Jackson,  Mississippi. 


1945 


Looking  Ahead  in  the  Bell  System 


II 


In  these  extensions  of  the  long  dis- 
tance network  the  important  back- 
bone routes  to  be  built  will  be  of  the 
coaxial  cable  type.  The  coaxial 
transmission  system  Is  so  called  be- 
cause it  comprises  a  cable  with  co- 
axlally  arranged  conductors  (a  cen- 
tral wire  insulated  by  discs  from  a 
concentric  outer  conductor).  With 
the   addition   of   terminal   equipment 


number  of  pairs  of  wires  In  addition, 
according  to  the  estimated  need  for 
circuits.  Thus  the  plans  already 
made  are  sufficient  to  provide  the 
nucleus  of  a  nation-wide  television 
transmission  network. 

Another  type  of  facility  which  may 
also  prove  important  as  a  means  of 
strengthening  the  long  distance  net- 
work    is     the     radio     relay     system. 


After  the  war  is  over,  the  Bell  System  plans  to  resume  its  active  program  ot 
extending  rural  telephone  service,  with  the  expectation  of  rapidly  increasing  the 

number  of  farm  telephones 


and  broad  band  repeaters,  it  is  capa- 
ble of  transmitting  frequencies  up  to 
several  megacycles.  In  the  expected 
future  art,  the  wide  band  will  provide 
for  transmitting  several  hundred  tele- 
phone conversations  and  one  two- 
way  television  channel  simultaneously 
on  each  pair  of  coaxial  units. 

The  coaxial  cable  on  the  main 
routes  will  include  six  or  eight  co- 
axial   units    and    in    some    sections    a 


Plans  have  been  made  and  approvals 
obtained  for  the  installation,  which 
will  go  forward  as  rapidly  as  pos- 
sible, of  an  experimental  system  of 
this  type  between  New  York  and 
Boston  with  seven  intermediate  re- 
peater stations.  The  radio  relay 
systems  will  apply  in  the  field  of 
radio  an  established  principle  of  long 
distance  telephone  lines:  namely,  the 
insertion  of  amplification  in  the  cir- 
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cuits  at  frequent  intervals  along  their 
length.  The  very  high  frequencies 
to  be  used  in  this  system  require  a 
line-of-sight  path  for  their  transmis- 
sion which  will  require  an  average 
repeater  spacing  of  about  30  miles. 
The  resulting  circuits  are  expected  to 
be  suitable  for  telephone  and  tele- 
vision transmission.  The  Bell  Sys- 
tem is  interested  in  the  best  type  of 
transmission,  whether  it  be  by  wire 
or  by  radio,  and,  depending  upon  the 
results  of  the  New  York-Boston  ex- 
periment, radio  circuits  for  telephone 
and  television  may  find  widespread 
application  in  the  Bell  System  net- 
work. 

Resumption  of  Program  for 
Kxt ending  Rural  Service 

Before  the  war,  the  Bell  System 
was  proceeding  very  rapidly  with  the 
extension  of  rural  service.  From 
1935  to  1945  the  number  of  rural 
and  service-line  telephones  in  the  Bell 
System  rose  from  600,000  to  a  mil- 
lion. Over  80  percent  of  all  farms  in 
Bell  System  territory  are  now  on  ex- 
isting telephone  lines  or  near  enough 
to  be  connected  without  a  construc- 
tion charge. 

Nevertheless,  many  farms  do  not 
now  have  telephone  service,  and  after 
the  war  the  Bell  companies  propose 
to  resume  their  active  program  with 
the  expectation  of  rapidly  increasing 
the  number  of  farm  telephones.  In 
this  program  several  recently  devel- 
oped types  of  facilities  will  be  fea- 
tured. These  new  facilities  include 
high-strength  steel  wire  making  pos- 
sible long  span  construction,  carrier 
systems  which  can  be  superimposed 
on  either  power  or  telephone  lines, 
and  ultra-high-frequency  radio. 


Replacement  of  Manual  Switch- 
boards by  Dial  Equip fnent 

Prior  to  the  war,  the  Bell  System 
was  making  rapid  progress  in  replac- 
ing manual  switchboards  by  dial 
equipment  for  exchange  service.  At 
the  outbreak  of  the  war  about  two- 
thirds  of  all  Bell  telephones  were  dial 
operated.  Dial  service  proved  most 
fortunate  during  the  war  because 
with  the  manpower  and  womanpower 
shortage  the  present  amount  of  serv- 
ice could  not  have  been  given  without 
the  dial  equipment. 

It  has  been  necessary  to  suspend 
this  replacement  program  during  the 
war,  no  new  projects  of  this  type — 
with  negligible  exceptions — having 
been  initiated  since  1941.  After  the 
war  the  Bell  companies  propose  to 
go  forward  rapidly  with  the  exten- 
sion of  dial  service. 

Development  of  Toll  Line 
Dialing  by  Operators 

Before  the  war,  the  companies  had 
made  a  start  in  the  application  of  dial 
equipment  on  toll  and  long  distance 
circuits  by  which  the  toll  operator  at 
the  originating  end  can  complete  a 
call  to  the  subscriber  at  a  distant 
point  without  calling  on  the  services 
of  an  inward  or  through  operator. 
At  the  present  time  about  five  per- 
cent of  the  toll  board  calls  are  han- 
dled by  this  method.  Experience 
with  this  type  of  operating,  which 
has  been  very  satisfactory,  justifies 
planning  on  its  further  development, 
and  it  is  expected  that  the  companies 
will  proceed  rapidly  to  equip  a  high 
percentage  of  all  toll  circuits  for  oper- 
ator toll  line  dialing.     By  this  means, 


1945 


Looking  Ahead  i)i  the  Bell  System 


13 


an  important  further  increase  in  the      developments  now  under  way  which 
speed  of  service  will  be  made.  provide   for  automatically   preparing 

a  record  of  a  toll  call  dialed  by  the 

Subscriber  Dialing  of  Toll  Calls        subscriber  without  any  help  from  the 

operator.  Under  this  system  the 
At  present  there  is  a  certain  amount  record  automatically  prepared  will 
of   subscriber   dialing   of   short   haul     contain  all  the  necessary  information 


At  the  outbreak  of  war,  about  two-thirds  of  all  Bell  System  telephones  were  dial 
operated,  and  the  rapid  extension  of  dial  service  is  an  important  part  of  the  post- 
war   program.     This    photograph    shows    crossbar    dial    central    office    switching 

equipment. 


toll  calls  where  arrangements  could 
economically  be  made  for  the  call  to 
be  counted  in  the  registers  used  for 
recording  local  message-rate  calls. 
In  these  cases  the  short  haul  calls  are 
registered  as  two  or  three  local  calls. 
This  method  wmU  be  supplemented 
after  the  war  by  the  application  of 


for  billing,  including  the  calling  and 
called  numbers  and  the  length  of 
conversation.  It  will,  therefore,  be 
free  from  the  limitations  of  the  pres- 
ent method,  as  individual  billing  of 
the  toll  calls  is  possible.  It  is  ex- 
pected that  this  system  will  have  wide 
application    in    metropolitan    centers. 
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Extension  of  Services — Motor 
Vehicles,  Overseas,  etc. 

The  Federal  Communications  Com- 
mission has  been  requested  to  pro- 
vide, in  their  allocation  of  radio  wave 
lengths,  for  a  general  radio  telephone 
service  to  motor  vehicles  on  a  com- 
mon carrier  basis.  Work  looking  to 
the  inauguration  of  such  a  service  in 
a  number  of  cities  is  actively  under 
way  and  it  is  hoped  shortly  after  the 
war  to  make  a  number  of  such  instal- 
lations. It  is  rather  early  to  deter- 
mine to  what  extent  this  will  be  de- 
sirable, but  many  industries  have 
shown  great  interest  and  it  is  likely 
that  an  extensive  service  will  be 
developed. 

The  plans  under  way  contemplate 
not  only  service  in  cities,  which  has 
been  given  to  a  limited  extent  in  the 
past,  but  also  service  on  main  high- 
way routes.  Such  services  are  of  in- 
terest to  truck  and  bus  companies 
and  many  others.  Within  the  cities, 
the  service  is  of  interest  to  taxicab 
companies,  express  companies,  ambu- 
lances, doctors,  public  utilities,  de- 
livery companies,  and  a  broad  range 
of  other  firms.  Radio  telephone 
service  may  also  be  given  to  moving 
trains. 

Before  the  war,  the  Bell  System 
gave  direct  overseas  radio  telephone 
service  to  3 1  points,  and  by  switch- 
ing at  these  points  provided  service 
to  more  than  70  foreign  countries. 
Plans  have  been  made  for  a  consider- 
able expansion  of  this  service  after 
the  war,  including  additional  circuits 
to  the-  points  heretofore  served  and 
new  circuits  to  many  points  not  now 
served  directly.  With  the  growing 
community  of  interest  between  na- 
tions,  the  potential   capacity   for  the 


development  of  overseas  service  ap- 
pears to  be  large,  and  it  may  be  that 
material  extensions  beyond  the  pres- 
ent plans  will  be  required. 

Also,  however  carefully  we  may 
review  the  future  as  we  now  see  it, 
there  are  certain  to  be  additional 
projects  making  use  of  inventions  to 
come  which  will  inevitably  flow  from 
the  tremendous  momentum  of  the  re- 
search and  development  work  of  the 
Bell  Telephone  Laboratories. 

Growth 


In   addition   to   the   projects  neces- 
sary to  catch  up  with  suspended  work 
and  to  improve  and  extend  the  scope      I 
of   service,   the   System  will   need  to 
provide  for  future  growth. 

An  estimate  of  future  growth  at  I 
once  involves  a  question  of  the  gen-  * 
eral  level  of  business  activity,  which  1 
is  frequently  measured  in  terms  of 
national  income.  The  chart  on  the 
opposite  page  is  of  interest  as  indi- 
cating the  correlation  of  net  tele- 
phone gain  and  national  income. 

Many  predictions  of  post-war  na- 
tional income  have  been  published, 
the  figures  most  commonly  quoted 
varying  from  50  percent  to  100  per- 
cent above  the  national  income  im- 
mediately before  the  war.  Consider- 
able emphasis  is  placed  on  a  high 
national  income  being  essential  to 
servicing  the  national  debt  and  in  the 
interest  of  full  employment.  Surely 
every  effort  will  be  made  to  have  busi- 
ness and  government  unite  to  bring 
about  the  desired  production. 

The  net  telephone  growth  of  the 
Bell  System  for  the  lo-year  period, 
1935  to  1944,  inclusive,  averaged 
840,000  per  year  (it  would  have 
been  over   1,000,000  per  year  if  fa- 
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NET  GAIN  IN  BELL  SYSTEM  TELEPHONES,  AND  NATIONAL  INCOME 
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cilities  had  been  available  in  the  war 
years  to  connect  the  applications  now 
in  the  held-order  file).  On  the  as- 
sumption of  a  high  national  income, 
it  would  seem  reasonable  to  look  for- 
ward to  a  growth  for  a  number  of 
years  averaging  appreciably  higher 
than  in  the  past.  It  is  not  necessary 
at  this  time  for  the  Bell  System  to 
make  a  specific  forecast  of  telephone 
growth  for  any  long  period  of  time 
in  the  future,  since  the  first  require- 
ment will  be  to  take  care  of  the  back- 
log of  unfilled  orders;  and  after  that 
is  accomplished,  plans  to  care  for 
growth  can  be  kept  sufficiently  flexible 
to  conform  with  whatever  require- 
ments unfold.  If  the  demand  for  net 
additional  telephones  should  be  as 
high  as  that  experienced  in  the  last 
ten    years — about    one    million    per 


year — expenditures  for  new  construc- 
tion of  about  $300,000,000  per  year 
will  be  necessary  for  that  purpose 
alone  and  any  additional  growth  re- 
sulting from  a  further  stepped-up  na- 
tional economy  will  add  to  even  that 
huge  amount. 

Total  Construction 

In  total,  it  is  clear  that  the  post- 
war construction  will  probably  be 
materially  in  excess  of  any  prior  ex- 
perience, a  billion  dollar  expenditure 
probably  being  necessary  almost  im- 
mediately after  the  war  and  another 
billion  dollar  expenditure  probably 
being  required  within  a  very  few 
years.  Not  all  of  the  projects  will 
be  undertaken  at  the  same  time.  At 
first   the   emphasis   will   be    to   catch 
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up  on  the  essentials  necessarily  sus- 
pended during  the  war  period.  As 
this  work  progresses,  emphasis  will 
shift  to  plant  for  service  Improve- 
ments and  for  extensions  of  services. 
At  the  peak  of  the  construction  pro- 
gram, It  is  likely  that  the  expendi- 
tures  for  construction  will   reach   as 


eral  terms,  as  stated  In  the  foregoing, 
because  It  will  depend  upon  how  fast 
manpower,  materials,  and  manufac- 
turing facilities  become  available. 

Making  Jobs 

This  program  will  create  many  thou- 
sands of  jobs.     There  is  nothing  in 


This  recent  picture  ot 
a  small  part  of  the 
Long  Lines  Depart- 
ment's overseas  switch- 
board is  timely  as  cessa- 
tion of  hostilities  in 
Europe  permits  resump- 
tion of  public  service  to 
an  increasing  number  of 
points  abroad.  After  the 
war,  service  will  be  ex- 
tended to  places  not 
heretofore  reached 


high  as  $650,000,000  per  year — 
which  would  be  50  percent  higher 
than  the  highest  year  immediately 
preceding  the  war.  The  question, 
however,  as  to  when  this  peak  will 
be  reached  or  how  much  will  be  done 
in  any  particular  year  or  period  can 
be  answered  at  this  time  onlv  in  gen- 


the  proposed  program  that  consists 
of  "made  work"  for  the  sake  of  jobs 
alone.  The  projects  considered  are 
sound  economically  for  the  long-term 
pull  and  are  required  to  render  an  es- 
sential service.  At  the  same  time, 
they  will  contribute  to  the  over-all 
national     welfare     and     prosperity. 
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These  are  projects  wisely  conceived 
and  fully  justified  and  in  a  strict  busi- 
ness sense  are  capable  of  providing  a 
return  on  the  capital  investment. 

The  projected  program  would 
mean  within  the  Bell  System  jobs  on 
a  large  scale.  The  full  impact  would 
be  felt  immediately  in  the  factories, 
where  the  equipment  is  manufac- 
tured, and  in  the  construction  forces 
that  build  and  install  the  plant.  For 
these  functions  alone  it  is  estimated 


where  the  finished  materials  are 
forged,  in  the  transportation  systems 
over  which  the  materials  and  equip- 
ments are  shipped — in  fact,  the  ef- 
fects would  be  felt  throughout  the 
national  industrial  structure.  It 
might  be  interesting  to  estimate  the 
number  of  jobs  required  for  all  these 
purposes,  but  such  an  estimate  would 
involve  so  many  variables  that  it  is 
perhaps  more  prudent  merely  to 
underscore,    as   may   safely   be   done, 


Radio  telephone  service 
to  motor  vehicles,  as  il- 
lustrated in  this  sketch, 
would  operate  as  follows: 
The  customer  (i)  asks 
tor  "mobile  service,"  his 
call  going  through  the 
local  telephone  central 
office  (2)  to  the  control 
terminal  (3),  where  a 
special  operator  signals 
the  desired  vehicle  (4)  by 
radio.  When  the  driver 
answers,  his  voice  travels 
by  radio  to  the  nearest 
receiver  (5)  and  by  tele- 
phone wire  to  the  control 
terminal  (3)  and  the  local 
central  office  (2)  to  the 
customer's  telephone  (i) 


that  the  program  at  its  peak  would 
provide  jobs  for  70,000  employees 
over  and  above  the  number  now  en- 
gaged in  this  work. 

Then  more  jobs  would  be  required 
in  the  forces  that  maintain  and  oper- 
ate the  plant  after  it  is  in  service. 
And  behind  the  jobs  within  the  Bell 
System,  there  would  be  many  in- 
volved outside  the  Bell  System — in 
the  mines  and  forests  from  which  the 
raw  materials  come,  in  the  foundries 


that  the  projected  program  in  total 
means  jobs  on  a  vast  scale. 

The  program  could  be  temporized 
in  part  by  resorting  to  expedients 
which  would  defer  capital  expendi- 
tures and  postpone  jobs  for  the  im- 
mediate period.  For  example,  in 
adding  to  outside  plant — the  lines 
which  connect  the  telephones  at  the 
customers'  premises  with  the  central 
office — it  is  frequently  possible  to  add 
a  few  wires  to  an  existing  pole  line 
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which  may  be  adequate  to  serve  the 
immediate  needs,  rather  than  to  put 
in  a  cable  capable  of  meeting  the 
needs  for  some  years  in  the  future 
as  well  as  for  the  present.  For  the 
immediate  period,  less  capital  would 
be  required  and  fewer  jobs  created, 
but  maintenance  expense  in  the  long 
run  would  be  higher  and  finally  the 
cable  ought  to  be  provided  anyway. 
In  brief,  some  capital  expenditures 
could  be  deferred  but  eventually  the 
total  expenditure  would  be  greater 
than  if  the  plant  were  engineered  and 
installed  correctly  in  the  first  place. 
The  principle  of  this  simple  illustra- 
tion applies  to  all  forms  of  telephone 
plant,  including  outside  plant,  sta- 
tion apparatus,  and  central  office 
equipment. 

Getting  Money 

But  why  consider  deferring  con- 
struction by  resorting  to  uneconomi- 
cal expedients?  Such  a  policy  would 
not  produce,  but  reduce,  jobs  at  a 
time  when  the  most  vital  need  will 
be  jobs — jobs  for  returning  service 
men  and  women  and  jobs  for  those 
now  in  war  work.     After  all: 

fVe  know  hozv  and  zvhere  to  get 
the  basic  raw  materials,  such  as  cop- 
per, steel,  lumber,  and  all  the  other 
things  required.  If  the  money  is 
available,  we  will  be  able  to  buy  the 
materials — and  go  ahead  with  the 
jobs. 

We  have  the  know-hozv  to  convert 
raw  materials  into  useful  and  profit- 
able equipment  and  we  are  anxious  to 
put  that  knozv-how  to  use — to  make 
jobs. 

Manpower  will  be  available,  and  if 
we  have  the  money  zee  will  be  able  to 
hire  it — for  good  jobs. 


The  one  big  "if"  in  this  picture  Isil 
having  the  money  to  buy  the  things" 
and  employ  the  services  necessary  to 
apply  the  know-how  which  will  cre- 
ate jobs.  It  may  seem  strange,  con- 
sidering the  resources  and  the  finan- 
cial strength  of  the  Bell  System,  to 
raise  a  question  about  getting  the 
money  to  pay  for  materials  and  man- 
power for  a  program  that  is  in  the 
interest  of  all  concerned.  As  a  mat- 
ter of  hard  brass  tacks,  however,  it 
amounts  to  just  that. 

The  Bell  System's  reputation  of 
financial  strength  is  properly  de- 
served. Since  1920 — mostly  in  the 
1920's — the  Bell  System  companies 
have  raised  additional  capital  in  ex- 
cess of  $2,500,000,000  (excluding  re- 
funding). Since  we  did  it  before,  we 
ought  to  be  able  to  do  it  again.  But 
the  Bell  System  has  no  magic  method 
of  raising  money.  It  must  obtain  ad- 
ditional capital  in  competition  with 
everyone  else  who  is  in  the  market 
for  it.  The  investor  takes  many 
things  into  account  in  appraising  dif- 
ferent investments,  and  it  is  his  ap- 
praisal which  determines  whether  we 
get  his  money  and  at  what  prices.  A 
controlling  factor  in  the  investor's 
judgment  is  what  return  will  be  avail- 
able to  him.  The  investor,  in  analyz- 
ing the  value  of  Bell  System  securi- 
ties, considers  the  record  of  the  past, 
the  performance  of  the  present,  and 
the  prospects  of  the  future. 

Therefore,  it  is  vital  to  the  System 
to  sustain  its  credit  position,  which  is 
dependent  upon  its  earnings,  now  as 
well  as  in  the  future,  so  that  it  will 
have  the  financial  strength  required 
for  the  huge  program  of  expansion 
which  lies  ahead.  Concurrently  an 
improved    telephone    service    will   be 
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rendered  to  the  nation.  These  dual  phone  industry  the  proper  marshal- 
results  will  make  a  contribution  in  lin^  of  men,  money,  and  materials 
the  national  interest  in  keeping  with  will  speed  up  the  realization  of  the 
the  best  Bell  System  tradition.  much-to-be-deslred  objective: — more 
Looking  ahead,  the  stage  Is  set  for  service  to  the  nation,  more  jobs  for 
expanding  activities;  and  In  the  tele-  Its  men  and  women. 


Readers  who  recall  "A  Review  of  Army  and  Navy 
Communication  Facilities,"  by  Myron  F.  Dull,  published 
in  these  pages  in  the  Spring  of  1944,  may  be  interested  to 
know  that  the  work  therein  described  has  won  high  praise 
for  the  increased  efficiency  and  economy  achieved  in  mili- 
tary communications   in   this  country. 

In  a  letter  to  President  Walter  S.  Gifford  of  the  A. 
T.  &  T.  Company  about  the  contributions  of  the  Bell 
System  "Communications  Committee"  which  made  the 
surveys  and  offered  recommendations,  Major  General 
Harry  C.  Ingles,  Chief  Signal  Officer  of  the  Army,  said 
in  part: 

"The  Communications  Committee,  which  worked  di- 
rectly with  communications  personnel  of  the  Army  Com- 
munications Service,  has  been  the  biggest  single  factor, 
in  my  opinion,  in  the  efficient  organization  of  the  Army's 
domestic  communications  facilities  which  are  now  operat- 
ing on  a  highly  efficient  and  satisfactory  basis,  notwith- 
standing the  tremendous  increase  in  traffic  volumes.  As 
a  direct  result  of  the  Committee's  work,  a  great  improve- 
ment has  been  effected  in  the  service  rendered  with  large 
reductions  in  costs  to  the  government  and  resultant  sav- 
ings in  equipment  and  line  facilities.  This  Committee  has 
made  possible  very  close  coordination  between  the  Army 
Communications  Service  and  the  various  Bell  System 
companies,  which  has  been  of  material  benefit  in  the 
solution    of   common    problems." 


The  60,000  Employees  Now  in  the  Service  IVill  Find  Both 

a  IVarm  IVelcome  and  an  Integrated  Program  for  Using 

Their  Capabilities  in  an  Expanding  Public  Service 


Welcoming  Bell  System 
Veterans  Back  to  Work 

Lawrence  L.  Armantrout 


"Jobs  for  all  these  employees  will  be 
ready  for  them  when  their  present 
work  is  done.  Their  skill  and  energy 
are  important  assets  of  the  System 
and  will  be  needed  in  the  big  tasks 
which  it  faces  in  the  future." 

With  these  words  President  Wal- 
ter S.  Gifford  of  the  A.  T.  &  T.  Com- 
pany, in  his  Annual  Report  for  1944, 
reaffirmed  the  basis  of  the  Bell  Sys- 
tem's program  to  welcome  back  more 
than  60,000  men  and  women  serving 
in  the  Armed  Forces  and  Merchant 
Marine. 

The  program  is  three-fold.  Each 
phase  is  an  essentialpart  of  the  whole. 
The  first  is  to  plan  the  progress  of 
System  operations  and  the  extension 
and  improvement  of  its  public  service 
so  that  jobs  will  be  ready.  The  sec- 
ond is  to  establish  and  administer  a 
policy  with  respect  to  the  wages  of 
returning  employees,  and  their  credit 
for  service  under  the  Benefit  and  Pen- 
sion Plan,  which  will  be  fair  to  each 


individual  and  equitable  to  all.  The 
third  is  to  prepare  and  carry  out  de- 
tailed procedures  leading  to  the  right 
job  assignment  for  each  person  and 
the  greatest  possible  opportunity  for 
him  to  find  genuine  satisfaction  in 
his  work. 

Let  us  look  at  each  part  of  this 
program  a  little  more  closely: 

Jobs  Will  Be  Ready 

As  Mr.  Gifford  has  said,  the  prime 
fact  is  that  the  Bell  System  will  need 
the  skill  and  energy  of  its  returning 
service  men  and  women  in  the  big 
tasks  which  it  faces.  However,  those 
tasks  do  not  just  happen.  Rather, 
they  spring  from  the  conception  that 
the  job  of  the  Bell  System  is  to  render 
an  ever  improving  communication 
service,  constantly  wider  and  more 
useful  in  its  scope.  Therefore  it  has 
been  and  will  continue  to  be  essential 
for  the  organization  to  develop  better 
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ways  of  doing  the  job,  and  to  apply 
these  improvements  in  projects  which 
will  be  fruitful  of  more  and  better 
service  on  the  one  hand  and  greater 
work  opportunity  on  the  other. 

Today,  in  consequence  of  such  long- 
term  enterprise,  the  System  looks  for- 
ward to  a  vast  amount  of  useful  work. 
The  backed-up  demand  for  telephone 
service  must  be  met.  Plant  margins 
must  be  restored.  Considerable  war- 
built  plant  must  be  replaced  by  new 
and  better  facilities.  Improved  types 
of  exchange  and  toll  central  office 
equipment  will  be  introduced  in  large 
quantity.  A  big  program  is  pending 
to  extend  and  improve  rural  tele- 
phone service.  The  long  distance 
cable  network  will  be  substantially 
enlarged.  New  types  of  radio  facili- 
ties give  promise  of  wide  application. 
Overseas  radio  telephone  service  will 
be  expanded.  Plans  for  all  of  these 
and  other  undertakings  are  In  prog- 
ress today.  All  of  them  stand  be- 
hind the  assurance  to  Bell  System 
veterans  that  jobs  will  be  ready  for 
them  when  their  present  work  is  done. 

Wages  and  Benefit  Credits 

Early  in  1945,  each  Bell  Company 
employee  on  leave  of  absence  in  the 
Armed  Forces  and  Merchant  Marine 
was  informed  that  on  his  return  to 
work  within  the  period  specified  by 
the  Government,  he  will  receive  a  rate 
of  pay  which  will  be  the  same  as  if 
he  had  worked  continuously  with  the 
Company  on  the  job  he  held  at  the 
time  he  went  on  military  leave.  This 
means  that  his  new  rate  of  pay  will 
Include  all  increases  he  would  have 
received  had  he  stayed  at  work  In 
that  job.  If  a  new  assignment  is 
necessary  or  desirable,  he  will  receive 


the  rate  of  pay  appropriate  to  the  new 
assignment.  Each  veteran  will  also 
receive  full  service  credit  under  the 
Benefit  and  Pension  Plan  for  the  en- 
tire period  of  his  absence  on  military 
leave. 

In  this  policy,  as  In  its  entire  pro- 
gram, the  System  expresses  its  desire 
to  live  up  to  and  beyond  the  spirit  of 
the  Selective  Training  and  Service  Act 
and  other  legislation  which  covers  the 
employment  rights  of  the  veteran. 

Job  Assignment  and  Training 

Now  let  us  see  how  the  System  has 
planned  the  actual  process  of  welcom- 
ing its  service  men  and  women  back 
to  work. 

Each  returning  employee  wants  to 
feel  that  his  Company  Is  planning  for 
his  return.  Is  thinking  about  him  and 
the  job  he  is  going  to  hold.  Likewise, 
employees  on  the  job  at  home  have 
a  natural  desire  to  give  their  return- 
ing fellow-workers  the  best  possible 
welcome  and  to  cooperate  with  them 
as  they  adjust  themselves  to  a  dif- 
ferent way  of  life.  The  program  of 
the  Bell  System  Companies  is  there- 
fore simple  and  clear-cut:  It  Is  to  en- 
able each  veteran  to  find  his  right 
place  on  the  team,  and  to  set  up  un- 
complicated but  thorough  procedures 
so  that  each  part  of  the  organization 
can  translate  the  natural  feeling  of 
welcome  into  effective  action.  While 
the  plans  of  individual  telephone  com- 
panies may  differ  in  detail,  all  have 
the  same  fundamental  pattern  and 
look  to  the  same  objectives. 

Most  veterans,  it  Is  anticipated,  will 
want  to  go  back  to  their  old  jobs.  A 
substantial  number,  however,  will 
have  matured  beyond  the  scope  of 
their  former  work.    Others  may  wish 
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to  change  their  occupations  or  the  lo-  made  to  keep  the  employee's  record 
cations  from  which  tliey  entered  mili-  as  complete  and  up  to  date  as  possible, 
tary  service.  A  few  may  be  unable  to  By  definition,  tentative  assignments 
resume  their  former  work  because  of  are  subject  to  change,  and  many  of 
physical  disability.  In  every  case,  the  them  no  doubt  will  be  changed.  Nev- 
Company  will  try  to  make  sure  that  ertheless,  they  focus  attention  on  each 
the  employee  is  assigned  to  a  job  individual,  stimulate  the  thinking  of 
which  fits  his  total  qualifications — one  supervisors,  and  help  to  prevent  con- 
in  which  he  can  make  his  greatest  con-  fusion  when  the  veteran  does  return, 
tribution  to  the  business  and  feel  that  Also,  because  the  majority  of  tenta- 
he  is  doing  so — and  one  which  will  tive  job  assignments  will  no  doubt 
facilitate  his  adjustment  from  mili-  become  the  actual  assignments,  taken 
tary  to  civilian  life.  all  together  they  provide  information 
This  means  that  the  wishes  as  well  that  is  invaluable  in  force  planning 
as  the  qualifications  of  returning  men  both  by  location  and  by  occupation, 
and  women  will  be  carefully  consid-  The  second  step  is,  of  course,  the 
ered.  Capacities  and  skills  which  they  actual  placement  of  the  returning  em- 
have  developed  as  a  result  of  military  ployee.  To  assist  supervision  in  plac- 
training  and  experience  will  be  recog-  ing  the  right  man  or  woman  in  the 
nized  and  used  to  the  fullest  extent  right  job,  there  is  generally  in  each 
practicable,  both  in  the  initial  job  as-  Company  an  over-all  Placement  Com- 
signment  and  in  charting  the  employ-  mittee  composed  of  members  of  each 
ees'  future  career.  The  veteran  who  department.  These  committees  help 
has  a  physical  disability  will  be  placed  to  coordinate  the  actual  work  of  as- 
(and  trained  where  necessary)  on  a  signment  which  is  going  on  from  day 
job  which  fits  his  particular  qiialifica-  to  day,  as  for  example  when  a  return- 
tions,  not  merely  on  a  job  he  can  do.  ing  employee  is  assigned  to  work  in  a 

different  department  from  the  one  he 

T/te  Three  Major  Steps  worked  in  before.     They  also  keep 

^  ^  track  of  results,  with  particular  em- 

There    are    three    major    steps    in  phasis  on  the  placement  of  employees 

the  procedure  which  has  been  set  up  who  may  be  disabled,  and  give  advice 

to  achieve  these  results.     In  the  tele-  and  assistance  whenever  required.     Fi- 

phone  companies,  the  first  is  to  make  nally,  they  keep  the  whole  procedure 

a  "planned  tentative  assignment"   in  under  study  and  recommend  changes 

advance   of  the   time   when   the   em-  which  experience  shows  are  needed. 
ployee  returns  to  work.     This  tenta-  In  many  instances,  the  natural  per- 

tive  assignment  is  based  on  supervi-  son  for  the  returning  veteran  to  get 

sion's  knowledge  of  his  qualifications  in   touch   with   will  be   his   old  boss, 

at  the  time  he  went  on  military  leave.  The  boss  will  welcome  him,  sit  down 

plus    careful    study    of    all    available  and  talk  with  him,   and  see  that  he 

information    regarding    his    military  meets  all  the  old  and  new  friends  in 

training  and  experience.    The  amount  the  Company  whom  he  wants  to  see. 

of    such    information    that    is    avail-  He'll    be    deeply    interested,    too,    in 

able    of    course    varies    with    differ-  learning  what  the  veteran's  ideas  are 

ent    individuals,    but    every    effort    is  and  what  he  wants  to  do. 
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Next,  the  boss  will  usually  call  on 
an  appropriate  "placement  represent- 
ative" to  confer  with  the  returning 
employee  and  to  discuss  with  him  in 
detail  the  question  of  a  specific  job 
assignment.  The  placement  repre- 
sentative may  be  a  specialist  who  func- 
tions interdepartmentally,  or  he  may 
be  one  of  a  group  of  selected  super- 
visors in  any  department.  He  has  at 
hand  all  the  information  developed 
in  the  preliminary  plans  for  the  vet- 
eran, and  is  closely  familiar  with  job 
opportunities  in  the  department  or 
Companv.  Together,  he  and  the  vet- 
eran now  review  all  the  facts  in  order 
to  arrive  at  a  job  assignment  that 
will  be  agreeable  to  the  employee  and 
to  the  Company.  During  the  inter- 
view a  complete  record  of  the  em- 
ployee's military  service  is  secured 
and  made  a  part  of  his  permanent 
personnel  record. 

As  AN  AID  in  finally  making  the 
proper  assignment,  the  returning  vet- 
eran will  ordinarily  have  a  medical 
examination.  The  placement  repre- 
sentative arranges  for  this  and  keeps 
in  touch  with  the  medical  examiner. 
From  the  employee's  standpoint,  as 
well  as  that  of  the  Company,  it  is  im- 
perative that  he  should  not  be  asked 
to  perform  work  beyond  his  physical 
capacitv.  Objective  data  are  avail- 
able concerning  the  physical  require- 
ments of  different  jobs,  and  these  are 
helpful  in  the  study  of  what  may  be 
the  best  assignment  for  an  employee 
who  has  some  physical  limitation. 
Decision  not  to  reinstate  an  employee 
because  he  is  not  physically  qualified 
for  an\  job  can  be  made  only  by  a 
Company  officer  after  complete  inter- 
departmental review. 

When  the  placement  representative 


and  the  returning  veteran  have 
worked  out  what  looks  to  be  the  right 
assignment,  it  is  then  recommended 
to  appropriate  management  for  ap- 
proval. Responsibility  for  the  deci- 
sion, as  for  the  employee's  happiness 
and  progress  from  the  time  he  goes 
on  the  job,  rests  with  the  supervision 
under  which  he  is  to  work.  The  func- 
tion of  the  placement  representative 
has  been  only  to  assist  supervision, 
not  to  assume  its  responsibilities. 

The  time  when  the  veteran  is  to 
start  work  will  depend  entirely  on  his 
own  wishes.  It  may  be  the  same  day 
he  first  comes  in.  (Incidentally,  this 
indicates  the  simplicity  of  the  proced- 
ure at  the  time  of  his  arrival.  A 
prime  reason  for  all  the  preliminary 
work  that  has  been  done  is  to  make 
sure  that  the  proper  assignment  can 
be  made  promptly.)  Or  he  may  pre- 
fer to  start  at  some  reasonable  time 
in  the  future. 

In  the  third  phase  of  the  veteran's 
return  to  Bell  System  work,  his  super- 
visor, as  already  indicated,  has  the 
key  responsibility — and  opportunity. 
Through  his  own  ability,  his  under- 
standing, his  capacity  for  leadership, 
he  can  make  a  contribution  of  the  ut- 
most importance  in  assisting  returned 
employees  to  find  satisfaction  and 
happiness  in  their  work. 

The  person  who  returns  from  mili- 
tary service  will  in  many  instances 
come  back  a  dift'erent  man  from  the 
one  he  was  when  he  left.  He  has 
been  trained  for  a  very  different  kind 
of  job  and  has  led  a  vastly  different 
life.  His  activities,  discipline,  aims, 
and  friendships  have  all  been  unlike 
those  which  filled  his  civilian  life. 

The  situation  to  which  he  returns 
will    at    least    in    some    degree    seem 
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changed.  This  may  be  true  with  re- 
gard to  his  work  environment,  as  well 
as  to  conditions  at  home,  even  though 
he  is  assigned  to  his  former  job.  Con- 
ditions of  living  generally  will  have 
changed.  During  his  absence  he  will 
have  remembered  things  as  they  were, 
and  he  may  have  built  up  a  rosy  pic- 
ture of  the  life  he  would  come  back 
to.  Reality  may  fall  short  of  these 
expectations. 

It  will  be  necessary  for  each  person 
coming  back  to  reconcile  these  differ- 
ences. Most  men  and  women  will 
make  the  adjustment  in  time.  Many 
will  make  it  quickly.  But  it  will  be 
harder  for  some  than  for  others,  de- 
pending partly  on  temperament,  age, 
and  military  experience,  as  well  as  on 
such  factors  as  family,  friends,  and 
environment. 

The  supervisor  can  assist  the  em- 
ployee to  make  this  change  success- 
fully in  a  reasonable  time.  Re-orien- 
tation training  to  inform  the  veteran 
about  what  has  happened  while  he 
was  away,  and  re-emphasis  on  safety, 


lations,  and  the  like,  will  help  him 
to  feel  at  home  again  in  the  telephone 
work  situation.  Refresher  training, 
tailored  to  his  individual  needs,  will 
help  him  to  put  his  old  skills  to  work 
again — and  his  new  ones  too,  so  far 
as  possible — so  that  he  can  make  up 
for  lost  time. 

It  will  be  the  responsibility  of  su- 
pervision to  see  that  the  employee 
obtains  all  the  advantage  which  such 
training  can  afford.  The  supervisor 
will  be  alert,  also,  to  the  employee's 
progress  on  the  job,  and  in  any  case 
where  it  appears  that  the  job  assign- 
ment is  not  working  out  as  expected, 
he  will  take  constructive  action.  In 
ways  such  as  these,  the  supervisor  will 
make  his  essential  and  continuing  con- 
tribution toward  the  fulfillment  of  the 
Bell  System's  program  for  all  its  re- 
turning service  men  and  women. 

The  System  is  proud  of  those  men 
and  women.  It  can  find  no  more  ap- 
propriate way  to  honor  them  than  to 
plan  and  carry  out  effective  proce- 
dures   for   welcoming   them   back   to 


quality  performance,  good  public  re-      useful  work  that  needs  doing. 


If  the  traditional  American  way  of  life  continues,  the  pres- 
ent level  of  living — both  material  and  intellectual — should  con- 
tinue to  improve  within  the  limitations  set  by  human  frailties. 
In  this  American  experiment  the  Bell  System  intends  to  provide 
a  living  and  a  good  life  for  the  people  who  are  in  it,  and  a 
constantly  improving  service  to  the  rest  of  the  public  in  their 
pursuit  of  happiness.  The  way  in  which  we  make  a  living  is 
the  day-by-day  practice  of  democracy.  It  is  the  essence  of  the 
American  experiment.  To  be  an  effective  part  of  this  greatest 
of  all  human  enterprises  is  the  part  which  the  Bell  System  hopes 
to  continue  to  play. 

From  "The  Bell  Telephone  System,"  by  Arthur  W.  Page,  Vice 
President,  A.  T.  ^  T.  Co.     Harper  &  Brothers,  publishers,  194I. 


Films    Will    Have   an    Increasingly    Important    Part  in 

Training  Bell  System  Men  and  Wofuen  in  the  Skills  which 

They  Must  Acquire  to  Handle  Their  Jobs  Effectively 


The  Blackboard  Comes 

to  Life 


John  M.  Shaw 


"Where  do  films  belong  in  Bell 
System  training,  and  how  shall  we  go 
about  making  and  using  them?" 

Many  people  have  been  asking  this 
question  of  late,  in  many  parts  of  the 
Bell  System.  They  have  been  ar- 
riving at  the  answer  by  the  very 
practical  process  of  trial  and  error. 
Let  us  begin  this  discussion  by  telling 
a  few  stories  about  the  use  of  films 
by  telephone  people. 

PORTRAYING    ELECTRICAL   APPARATUS 

A  FEW  YEARS  AGO  Certain  equipment  was 
developed  for  use  in  central  offices  which 
was  both  new  in  principle  and  complex  in 
operation.  Plant  forces  in  one  of  the 
larger  cities  found  that  the  equipment 
could  be  understood  by  the  men  who  had 
to  install  and  maintain  it  only  after  a  long 
and  difficult  course  of  training.  Using  an 
amateur  i6  m/m  motion  picture  camera, 
the  plant  training  staff  animated  and  pho- 
tographed drawings  of  the  new  equipment 


in  such  a  way  as  to  make  its  electrical 
characteristics  clearly  apparent.  The  prin- 
ciple of  its  operation  was  described  by  pic- 
tures on  the  screen  before  the  class  to  am- 
plify the  spoken  words  of  the  instructor. 
By  the  use  of  this  home-made  teaching 
device,  the  men  were  better  trained  than 
first  seemed  possible,  and  in  half  the  time. 

CLARIFYING    A    CLERICAL    PROCESS 

One  of  the  Bell  System's  revenue  account- 
ing centers  worked  out  a  new  time-saving 
method  of  assembling  cash  stubs  and  apply- 
ing payments  to  customers'  accounts.  Re- 
sults indicated  that  extension  of  the  new 
method  throughout  the  System  would  offer 
an  opportunity  for  some  substantial  con- 
servation of  money  and  manpower.  The 
handling  and  processing  of  these  stubs  is 
a  manual  job,  and  is  not  easy  to  describe 
in  words  alone.  The  new  method,  to  be 
fullv  understood  and  appreciated,  had  to 
be  demonstrated.  A  slow-motion  film  of 
two  experienced  workers  was  made,  from 
which  every  detail  of  the  process  could 
easily  be  seen  and  followed.     This  film  was 


26 


Bell  Telephone  Magazine 


SPRING 


sent  to  accounting  people  throughout  the 
System,  thereby  assuring  a  correct  under- 
standing of  the  new  method  and  making 
available  an  effective  training  aid.  A  num- 
ber of  companies  have  now  adopted  the 
new  method  and  given  testimony  to  the 
training  value  of  this  film. 


Technical   accuracy    is    a    "must"    in 
Bell  System  film-niaking 


SHOWING    HOW    OTHER    DEPARTMENTS 
WORK 

The  Commercial  people  who  man  the 
Bell  System's  business  offices  are  properly 
known  as  "representatives"  because  they 
are  called  upon  to  interpret  the  operations 
of  every  other  department  in  terms  that 
the  customer  will  understand.  The  need 
for  giving  large  numbers  of  new  people 
this  background  came  at  a  time  when  the 
business  offices  were  faced  with  their  heavi- 
est loads  and  when  shortage  of  facilities 
made  public  understanding  particularly 
difficult  to  secure.  This  presented  a  war- 
time challenge  to  test  the  ingenuity  of  the 
best  instructor.     Individual  visits  to  other 


departments  were  out  of  the  question. 
Using  a  new  training  technique  that  com- 
bines motion  and  still  pictures,  one  com- 
pany set  out  to  describe,  in  a  series  of  films. 
the  operations  of  Plant,  Traffic,  and  Ac- 
counting departments  as  they  touch  the 
customer.  Most  of  the  Bell  System's  ten 
thousand  Commercial  representatives  have 
since  received  this  training, 

HOW  to  climb  a  pole 

The  climbing  of  a  pole  is  a  skill  that  has 
to  be  constantly  taught  to  succeeding  gen- 
erations of  telephone  linemen.  There  is  a 
right  way  to  climb  a  pole,  and  there  is  a 
wrong  way:  a  safe  way.  and  an  unsafe 
way.  The  right  way  calls  for  a  rhythmic 
coordination  of  arms  and  legs,  and  for 
dexterous  manipulation  of  climbing  irons 
and  safety  belt.  These  things  can  only  be 
learned  by  practice.  But  unless  the  new 
lineman  gets  off  to  the  right  start  under 
the  watchful  eye  of  a  skilled  instructor,  he 
may  become  habituated  to  the  wrong  way. 
An  ingenious  Plant  supervisor  exposed 
thousands  of  feet  of  color  film  showing  a 
highly-skilled  climber  going  up  and  down  a 
pole.  He  then  had  a  sound  track  applied 
to  the  film,  with  a  professional  narrator 
describing  each  movement  and  the  reason 
for  it.  The  lineman-in-training  may  now 
see  how  an  expert  climbs  a  pole  when  he  is 
at  his  best.  He  sees  the  right  way  again 
and  again,  from  every  angle  and  from 
every  position  on  the  pole.  The  conse- 
quences of  doing  it  the  wrong  way  are 
dramatically  brought  home  to  him  by  the 
enacting  of  a  serious  accident.  More  than 
fifty  prints  of  this  film  have  been  used  by 
Bell  System  companies. 

dramatizing  effects  of  careless  work 

With  the  unusual  number  of  new  opera- 
tors occasioned  by  the  war,  the  Traffic  peo- 
ple observed  a  disturbing  increase  in  errors 
on  toll  tickets.  A  sound  slide  film  was 
made  which  showed  in  dramatic  fashion 
the   inconvenience  and   loss   that   result  to 
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other  departments  and  to  telephone  users 
by  a  sli^'ht  error  in  noting  the  time  of  a 
call  or  the  number  of  the  called  or  callin^^ 
party.  The  film  was  shown  with  {jood 
effect  to  toll  operators  in  many  Bell  Sys- 
tem companies. 

STIMULATING   INTERHST   IN    I'l'NSION    PLAN 

One  of  the  companies  dramatized  its 
benefit  and  pension  plan  on  a  sound-slide 
film,  and  was  thus  assured  of  the  undivided 
attention  of  all  employes  to  this  important 
matter  for  at  least  fifteen  or  twenty  min- 
utes. Several  other  companies  have  since 
adapted  this  film  to  their  own  purposes. 
When  policy  questions  are  involved,  such 
films  have  the  advantage  of  insuring  uni- 
formity of  presentation  combined  with  a 
dramatic  forcefulness  that  is  dif^cult  to 
achieve  just  through  writing  or  talking. 

making  a  humdrum  job  interesting 

Western  Electric's  war-time  job  called 
for  the  packing  of  vastly  more  equipment, 
with  fewer  experienced  packers  to  do  it. 
New  people,  many  of  them  women,  had 
to  be  taught  to  drive  nails.  A  highly 
skilled  nailer  was  photographed  in  film. 
Step  by  step,  every  detail  of  nailing  a  pack- 
ing case  was  pictured.  World  Series 
movies  were  spliced  into  the  film  to  show 
that  the  swing  of  the  skilled  nailer  has  the 
same  basic  motion  as  the  swing  of  the 
champion  batter.  In  dramatic  narration,  it 
was  made  clear  that  winning  a  war  means 
driving  nails  as  well  as  pulling  triggers. 
The  film  not  only  shows  how  nails  should 
be  driven,  but  makes  the  audience  want  to 
go  out  and  drive  nails.  Now  every  nailer 
at  the  Kearny  plant  sees  "Hit  'em  on  the 
Head"  as  part  of  his  basic  training. 

It  would  be  possible  to  fill  twenty 
pages  and  more  with  similar  ex- 
amples of  films  produced  by  Bell 
System  people  to  supplement  specific 
training  programs.  At  least  as 
many  more  could  be  filled  telling  of 


films  made  outside  the  Bell  System 
and  applied  to  our  use.  A  catalogue 
has  recently  been  issued  by  the  Mo- 
tion Picture  Division  of  A.  T.  &  T. 
listing  and  describing  these  films. 


Nearly  200  films  are  listed  in  this  new 
Bell  System  catalogue 

Scope  and  Purpose  of  Training 
Films 

The  use  of  films  in  training  pro- 
grams, In  the  Bell  System  and  else- 
where, has  been  handicapped  some- 
what by  a  misunderstanding  of  their 
scope  and  purpose.  Advocates  of 
visual  training  in  the  educational 
field  have  at  times  made  promises 
that  present  equipment  and  skills 
could  not  fulfill.  Films  have  some- 
times been  crudely  made  and  in- 
expertly used.  Training  people,  see- 
ing the  new  device  at  Its  worst,  have 
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Title    frames   of  some    of   the   motion 

pictures  and  slide  films  produced  by  Bell 

System  Companies 


in      such      cases     been     discouraged 
against  further  experiment. 

These  are  but  the  natural  obsta- 
cles that  every  new  technique  encoun- 
ters in  the  process  of  finding  its  place 
and  proving  its  worth.  To  over- 
come them,  it  is  well  to  view  them 
in  their  proper  perspective. 

The  Board  of  Education  does  not 
fire  the  teacher  nor  lower  the  educa- 
tional requirements  of  its  teaching 
staff  because  the  school  acquires  a 
new  and  better  blackboard.  Neither 
should  the  training  film  be  thought 
of  as  enabling  a  training  job  to  be 
done  with  unskilled  instructors.  The 
film  does  not  replace  the  instructor. 
It  doesn't  even  replace  the  black- 
board. It  is  nothing  more  than  an 
ingenious  tool  which  under  certain 
conditions  the  instructor  may  use, 
very  much  as  he  uses  the  blackboard, 
to  make  his  teaching  more  effective. 

Instead  of  drawing  a  crude  dia- 
gram or  picture  on  the  blackboard, 
the  instructor  flashes  the  diagram  or 
picture  on  the  screen,  bringing  to  his 
aid  specialized  skills  that  he  himself 
does  not  possess — the  skills  of 
draftsman,  artist,  photographer,  ac- 
tor. Instead  of  describing  by  word 
and  gesture  how  an  object  moves, 
the  instructor  shows  the  object  itself 
moving  on  the  screen.  Instead  of  at- 
tempting to  describe  the  sound  made 
by  the  object,  the  instructor  brings 
the  sound  itself  into  the  classroom 
and  reproduces  it  exactly  for  the 
benefit  of  his  students. 

The  skilled  teacher  uses  the  black- 
board as  he  talks,  thus  reaching  the 
mind  of  the  pupil  through  the  eye 
as  well  as  the  ear.  In  much  the 
same  way,  the  skilled  teacher  can  use 
film  to  illustrate  and  amplify  his  in- 
struction.     The    film    thus    tends    to 
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become  an  Integral  part  of  the  teach- 
ing process  rather  than  an  appendage 
to  be  used  to  give  the  instructor  a 
breather  if  time  permits. 

Experience  in  the  Bell  System  and 
elsewhere  indicates  that  films  have 
certain  advantages  which  have  al- 
ready been  partially  realized  but 
which  we  may  expect  will  accrue  in 
ever-increasing  measure  as  the  tech- 
niques themselves  are  Improved  and 
instructors  become  more  skilled  In 
their  application. 

Advafitages  of  the  Film 
Technique 

The  basic  advantage  of  the  use 
of  pictures  Is  the  general  one  that 
the  mind  Is  reached  through  an  addi- 
tional sense — that  of  seeing.  But 
certain  specific  benefits  are  also 
worthy  of  mention. 

Things  which  He  beyond  the  horizon  of 
normal  vision,  such  as  hidden  parts  of  an 
intricate  machine,  can  be  brought  out  and 
clearly  shown  from  any  angle.  They  can 
be  cut  apart  and  shown  in  cross  section. 
They  can  be  shown  in  relation  to  other 
parts  with  every  extraneous  section  of  the 
machine  rendered  invisible. 

Physical  things  that  are  very  small  can 
be  enlarged  a  hundred  or  a  thousand  times 
and  made  clear  to  a  large  class  simultane- 
ously. 

Operations  too  fast  for  the  eye  to  follow 
can  be  slowed  down  and  watched  in  detail. 

A  story  can  be  told  in  carefully  chosen 
language  and,  once  the  best  arrangement 
of  words  and  emphasis  is  determined  upon, 
this  high  standard  is  maintained  uniformly. 

Discussion  is  stimulated. 

Diagrams  can  be  made  to  come  alive  to 
illustrate  principles  or  operations. 

Motions  otherwise  invisible,  such  as  the 
flow  of  a  current,  can  be  portrayed,  simpli- 
fying instruction  of  difficult  subjects. 


Each  of  these  films  met  a  specific  train- 
ing  need  of  one  or   more   Bell   System 
Companies 
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I'he  entire  class  can  see  the  object  under 
discussion  from  exactly  the  same  angle  as 
the  instructor  sees  it,  whereas  in  actual 
demonstration  the  object  is  seen  from  many 
angles. 

Prosaic  situations  can  be  made  dramatic, 
professional  actors  of  high  skill  being  at 
the  beck  and  call  of  every  instructor  at 
every  session  of  the  class  to  help  him  com- 
bat monotony. 

A  change  of  p^ce  is  afforded  the  in- 
structor,   his    energy    and    time    are    con- 


Attention  is  concentrated,  and  external 
distracting  influences  removed. 

The  student  experiences  emotionally  the 
significance  of  the  lesson  that  is  taught. 

Entertainment  can  be  added  to  instruc- 
tion, making  films  welcome  at  social  gath- 
erings where  other  forms  of  teaching  may 
be  out  of  place. 

The  impression  that  a  good  or  bad  job 
creates  on  customers  or  other  employes 
who  are  unseen  can  be  brought  forcefully 
to  the  attention  of  the  employe  in  training. 


Films  can  help  in  the  teaching  of  telephone  jobs  as  basic  as  climbing  a  pole 


served,  and  thus  his  full  skill  can  be 
brought  to  bear  on  that  part  of  the  class- 
room work  which  can  only  be  done  by 
personalized   instruction. 

Supplementary  training  can  be  done  in 
cases  which  may  not  seem  to  justify  the 
full-time  use  of  competent  technical 
instructors. 

Where  visits  to  distant  places  to  view 
field  operations,  or  the  functioning  of  other 
departments,  are  impractical,  these  distant 
scenes  can   be  brought   into  the  classroom. 

Music  and  color  can  be  used  when  these 
will  contribute  to  either  understanding  or 
interest. 


As  a  result  of  these  general  advantages, 
students  learn  more  thoroughly  and 
quickly ;  once  learned,  the  message  is  re- 
tained longer. 

Limitations  of  Film  Techniques 

The  advantages  of  the  film  tech- 
niques will  be  more  quickly  achieved 
if  we  understand  also  their  limita- 
tions. These  are  for  the  most  part 
limitations  of  projection  rather  than 
of  production,  and  thev  exist  to 
greater  degree  to  the  extent  that  mo- 
tion and  sound  are  desired. 
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llie  room  must  he  darkened,  at  least 
partly. 

The  projector  nnist  be  placed  some  dis- 
tance from  the  screen,  as  a  result  of  which 
the  instructor  is  usually  at  the  front  of 
the  room  and  the  projector  at  the  back. 

The  projectors,  particularly  in  the  case 
of  sound-motion,  are  somewhat  compli- 
cated in  their  operation  ;  and  if  they  break 
down,  as  happens  all  too  frequently,  they 
are  not  easily  put  right  again. 

There    is    great    variation    in    the    pro- 


Merely  to  contemplate  such  limita- 
tions tends  to  discourage  all  but  the 
most  adventurous  teachers.  Especi- 
ally Is  this  so  in  the  Bell  System, 
where  so  much  of  our  training  must 
be  done  with  very  small  groups  at 
widely  scattered  points. 

Yet  the  more  far-seeing  among 
those  who  have  made  use  of  films 
recognize  that  the  projection  equip- 
ment   now    available    Is    at    best    an 


driving  a  nail 


jectors  of  different  makes.  Some  have  poor 
sound  but  good  optical  characteristics. 
Some  have  poor  optical  characteristics  but 
good  sound. 

If  motion  is  used,  the  film  cannot  be 
stopped  once  it  is  started  moving  through 
the  projector,  so  that  class  discussion  is 
not  feasible  as  the  film  progresses. 

If  it  is  desired  that  a  picture  or  diagram 
be  held  on  the  screen,  then  motion  is  im- 
possible unless  two  projectors  are  used. 

The  projectors  are  quite  heavy  and  not 
easily  portable. 

The  initial  production  of  a  film  is  usu- 
ally a  long  and  costly  process. 


adaptation  of  equipment  developed 
for  the  entirely  different  purpose  of 
mass  entertainment.  Manufacturers, 
however,  are  already  turning  their 
attention  to  the  design  and  develop- 
ment of  sound  motion  picture  equip- 
ment more  adequate  for  teaching 
needs. 

What  Is  wanted,  so  that  these  limi- 
tations may  be  overcome,  is  a  de- 
pendable projection  unit  that  is  small, 
light,  sturdy  and  easy  to  operate. 
It  should  be  able  to  project  motion 
pictures,   still  pictures,   sound,   silent, 
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—  writing  a  toll  ticket 


or  three  dimensional.  The  instruc- 
tor should  be  able  to  stop  the  ma- 
chine at  any  point,  either  shutting  It 
off  or  holding  a  picture  indefinitely 
on  the  screen.  He  should  be  able  to 
control  It  from  his  position  before 
the  class.  If  he  wishes,  he  should  be 
able  to  place  the  equipment  on  a  desk 
or  table  and  use  It  to  Instruct  two  or 
three  students  at  a  time.  The  pic- 
tures should  be  as  clear  In  the  light 
as  in  the  dark.  The  sound  should  be 
audible  to  a  small  class,  without  In- 
terfering unduly  with  other  activities 
in  progress  nearby. 

Is  this  the  expression  of  an  un- 
attainable ideal?  The  telephone 
teacher  may  be  excused  for  hoping  It 
Is  not,  confronted  as  he  is  with  what 
has  been  done  In  making  realities  out 
of  the  dreams  of  radar,  television, 
high-speed    photography,    and    other 


developments  that  have  their  roots 
In  the  same  basic  principles  as  has 
the  training  film. 

Physical  Characteristics  of 
Film  Techniques 

There  are  four  methods  of  film 
projection  In  common  use. 

The  sound  motion  picture.  This 
may  be  produced  In  either  35  m/m 
or  16  m/m  film,  but  for  classroom 
purposes  16  m/m  Is  usually  more 
practical.  The  16  m/m  sound  pro- 
jector weighs  from  30  to  90  pounds, 
and  costs  from  $150  to  $500. 

The  silent  motion  picture.  Six- 
teen m/m  film  without  sound  track 
is  used  when  sound  Is  not  necessary 
or  when  the  Instructor  wishes  to  dis- 
cuss the  film  as  it  progresses.  The 
16  m/m  silent  projector  weighs  from 
10  to  40  pounds,  and  costs  from  $50 
to  $200. 


—  sweeping  a  floor  — - 
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The  sonnd-sUdc-fihii.  This  con- 
sists of  still  pictures  produced  on  a 
strip  of  3^;  m  m  film.  The  sound  is 
put  on  a  disc  record  and  is  synchro- 
nized with  the  iilm  by  the  operator, 
who  pulls  a  cord  to  change  the  pic- 
tures. The  sound-slide-film  projec- 
tor weighs  from  35  to  50  pounds, 
and  costs  from  $75  to  $150.  It  can 
be  effectively  used  with  audiences  up 
to  a  Jiundred.  Smaller  and  cheaper 
projectors  are  available  for  use  with 
smaller  groups. 

The  silent  slide-film.  This  may  be 
used  when  sound  is  not  necessary  or 
when  the  instructor  wishes  to  speak 
to  his  class  as  the  pictures  appear. 
The  projector  weighs  from  10  to  20 
pounds,  and  costs  from  $10  to  $150. 

Various  other  types  of  visual  aids 
have  been  found  effective,  such  as 
stereoscopes,  opaque  projectors,  and 
glass  slide  projectors,  but  these  are 
beyond  the  scope  of  our  present 
discussion. 

Costs  of  Film  Techniques 

A  SOUND-SLIDE-FILM,  depending  on 
length  and  subject  matter,  may  cost 
any  amount   from  $500  to   $10,000 


Y^ 


using  a  ladder 


enclosing  a  bill 


to  produce,  and  thereafter  the  units 
of  film-and-record  will  cost  from  $5 
to  $10  each. 

A  16  m/m  sound-motion  picture 
may  cost  any  amount  from  $5,000 
to  $50,000  or  even  more,  and  there- 
after each  print  will  cost  from  $15 
to  $100. 

These  costs  have  been  a  very  real 
deterrent  to  the  use  of  films.  They 
are  much  higher  than  the  costs  of  the 
simpler  visual  aids  for  which  the 
films  may  be  substitutes.  Such  costs 
will  seem  unjustified  if  use  of  the  film 
is  restricted  to  a  rather  small  area, 
or  if  it  is  viewed  as  an  appendage  to 
the  training  program  which  can  be 
easily  dispensed  with. 

But  when  these  costs  are  viewed  in 
relation  to  the  whole  cost  of  a  wide- 
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spread  training  program,  they  ap- 
pear in  a  different  light.  A  $5,000 
or  a  $20,000  motion  picture,  with  a 
life  of  several  years,  may  be  a  source 
of  great  economy  if  it  results  in  doing 
better  and  faster  a  training  job  that 
costs  $100,000  a  year  in  the  time  of 
workers  and  instructors. 

One  of  the  silent  slow-motion 
training  films  now  being  used  by  Bell 
System  Accounting  people  was  pro- 
duced at  a  cost  of  less  than  $1,000. 
It  was  admittedly  experimental. 
Otherwise,  for  an  expenditure  of  five 
or  ten  times  that  amount,  it  might 
have  been  done  in  sound  and  color, 
and  with  dramatic  effects  designed 
to  make  the  new  employe  tvant  to  do 
the  job  as  well  as  learn  hozv  to  do  it. 
It  has  been  estimated  that  the  univer- 
sal adoption  of  the  method  this  film 
teaches  might  save  the  Bell  System  as 
much  as  $250,000  a  year  in  operat- 
ing costs.  It  is  of  course  sound  econ- 
omy to  spend  as  much  as  may  be 
necessary  to  get  the  maximum  in 
training  effectiveness  from  such  a 
film. 

It  is  just  a  matter  of  good  busi- 
ness to  subject  every  contemplated 
training  film  to  an  analysis  of  this 
nature  and,  when  the  film  is  in  use, 
to  measure  its  worth  in  terms  of  the 
net  cost  and  effectiveness  of  the  unit 
of  training  It  Is  Intended  to  influence. 

Experience  of  the  Armed  Services 

Interest  in  training  films  has  been 
greatly  stimulated  by  news  of  their 
use  by  the  Army  and  Navy.  The 
full  significance  of  this  development 
Is  not  likely  to  be  known  until  the 
war  is  over  and  the  whole  story  can 
be  told.  But  we  do  know  something 
about  that  storv  alreadv- 


With  many  millions  of  men  to  be 
trained  well  and  quickly,  both  the 
Army  and  Navy  turned  to  visual  aids 
of  all  kinds  to  help  them.  The  film 
technicians — writers,  directors,  cam- 
eramen— who  were  not  brought  di- 
rectly into  the  service  were  likely  as 
not  to  find  themselves  working  for 
independent  producers  under  con- 
tract to  make  films  to  be  shown  to 
soldiers  and  sailors.  A  recent  sur- 
vey showed  that  29  of  these  pro- 
ducers had  made  nearly  6,000  dif- 
ferent reels  or  film  strips  for  the 
Armed  Services.  Hollywood  too 
has  given  its  best  skill  to  the  war 
effort. 

The  soldier  still  learns  to  shoot  by 
shooting,  as  in  all  other  wars.  But 
in  this  war  he  is  introduced  to  the 
Army  by  Indoctrination  films.  Mor- 
ale films  keep  him  fighting.  And 
when  at  last  he  is  mustered  out.  Un- 
cle Sam's  fond  farewell  will  no  doubt 
be  spoken  to  him  on  a  sound  track. 
Meantime  film  helps  in  the  process 
of  teaching  him  how  to  conduct  him- 
self as  a  soldier.  If  he  Is  Illiterate, 
the  Army  uses  film  to  educate  him. 
He  learns  by  film  how  to  take  care 
of  his  rifle  and  film  teaches  him  the 
dire  consequences  of  his  failure  to  do 
so.  Whatever  his  special  job,  part 
of  his  training  Is  likely  to  be  done  by 
film,  whetiier  it  be  stringing  wire,  fir- 
ing an  anti-aircraft  gun,  or  shooting 
from  a  fighter  plane  against  a  dart- 
ing Zero.  The  Navy  dive  bomber 
shoots  camera  and  machine  gun  to- 
gether so  that  pilots  in  training  may 
see  what  he  sees.  The  soldier  Is 
taught  by  sound  pictures  how  to  keep 
from  being  hurt,  and  how  to  take 
care  of  his  own  wounds  and  the 
wounds  of  others.     If  he  loses  a  limb, 
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Him  plays  its  part  in  the  long  process 
of  rehabilitation. 

The  Signal  Corps  cameraman  goes 
with  the  troops,  and  battle  scenes  are 
brought  home  to  teach  the  strategists 
the  facts  of  an  ever-changing  war- 
fare. xA.s  new  weapons  are  devel- 
oped, they  are  filmed  for  the  better 
understanding  of  those  who  are  to 
use  them. 

The  significance  of  all  this  to  the 
Bell  System  is  not  only  the  sugges- 
tion it  gives  of  more  extensive  use 
of  films  in  telephone  training.  It  is 
also  that  a  very  sizable  nucleus  of 
this  Army  and  Navy  will  be  coming 
back  to  us  some  day.  To  the  extent 
that  the  stories  that  have  been  reach- 
ing the  home  folks  are  true,  it  is 
likely  that  these  telephone  men  and 
women  w411  want  to  train  and  be 
trained  by  techniques  that  include  the 
judicious  use  of  films. 

The  Outlook  for  Films  tn 
Bell  Syste??!  Traini?ig 

We  have  already  seen  that  the  re- 
turning veteran  will  not  find  the  com- 
pany he  left  behind  him  entirely 
lacking  in  examples  of  skillful  use  of 
films  in  training.  He  will  find  also 
a  ready  willingness  to  learn  anything 
he  has  to  teach  us  about  it,  based  on 
his  own  experience.  Here  are  some 
of  the  things  he  will  find. 

ACCOUXTIXG    DEPARTMEXT 

A  Bell  System  executive  in  the  field 
of  revenue  accounting  had  this  to  say 
in  a  recent  memorandum : 

"Since  many  of  our  routine  operations 
involve  the  handling  of  large  volumes  of 
tickets,  stubs,  etc.,  the  facility  with  which 
these  records  are  handled  assumes  very 
important   proportions.      For   example,   we 


are  now  issuing  approximately  15  million 
bills  each  month,  which  include  among 
other  things  the  charges  from  approxi- 
mately 70  million  toll  calls.  Those  70 
million  tickets  must  be  arranged  for  bill- 
ing, entered  on  toll  service  statements,  and 
totals  obtained.  The  15  million  bills  must 
be  prepared,  payments  credited,  and  many 
other  operations  performed  each  month  as 
a  routine  procedure.  Therefore,  the  man- 
ner or  technique  followed  in  the  manual 
handling  of  this  volume  of  relatively  small 
pieces  of  paper  is  of  prime  importance. 

"In  \\^w  of  the  fact  that  the  perform- 
ance of  this  work  is  dispersed  in  many  of- 
fices, it  is  our  feeling  that  the  visual  presen- 
tation by  moving  pictures  of  the  best 
known  technique  for  performing  each  mass 
production  operation  will  prove  of  real 
help  to  the  Associated  Companies." 

Since  this  memorandum  was  writ- 
ten, a  number  of  experimental  films 
have  been  made  by  methods  people 
in  the  accounting  departments.  They 
have  proved  worthwhile,  and  the  ex- 
perience gained  by  their  use  will  no 
doubt  lead  to  more  and  better  films 
of  this  nature. 

COMMERCIAL    DEPARTMEXT 

Early  in  1945,  a  group  of  men 
from  various  Bell  System  companies 
gathered  in  New  York  to  confer  on 
film  techniques  in  the  training  of 
service  representatives.  These  men 
had  previously  made  detailed  studies 
"covering  each  step  in  the  initial  and 
continuation  training  of  service  rep- 
resentatives to  determine  opportuni- 
ties for  the  use  of  films  and  other 
aids  as  a  means  of  strengthening 
training,  reducing  the  amount  of  time 
required,  or  making  training  more 
interesting." 

In  the  meeting,  these  opportunities 
were  discussed  in  the  light  of  experl- 
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ence  with  films  and  other  aids,  and  a 
complete  report  was  prepared  from 
which   the   following  is   a   quotation : 

"The  need  was  recognized  for  taking 
full  advantage  of  the  uses  of  films  where 
they  would  help  to  increase  representa- 
tives' understanding  of  the  job,  develop 
management  point  of  view,  promote  con- 
fidence in  explanations  to  customers  and 
good  judgment  in  the  handling  of  con- 
tacts,  and   reduce  the  very  substantial   pe- 


complish  one  or  more  of  the  following 
objectives: 

"Better  understanding  and  retention  of 
the  knowledge  taught,  with  resulting  bet- 
ter performance  on  the  job  and  less  need 
for  retraining  and  supervisory  assistance 
following  assignment. 

"Saving  in  training  time  through  secur- 
ing more  efficient  presentation  of  material 
than  can  be  obtained  by  discussion,  demon- 
stration, or  visits  to  other  departments,  and 
reducing  subsequent  questions  by  students 
as  a  result  of  better  understanding. 


A  CORNER  of  a  typical  Bell  System  Company  film  library 


riod  of  time  now  required  for  initial  and 
continuation  training.  However,  it  was 
agreed  that  there  is  much  still  to  be  learned 
before  the  field  for  use  of  films  can  be  fully 
.determined. 

"It  seemed  evident  that  films  would 
serve  primarily  as  an  occasional  means  of 
reinforcing  existing  training,  rather  than 
as  a  substitute  for  any  of  the  basic  training 
processes.  To  provide  such  reinforcement, 
it   appeared   that   films  would   have   to  ac- 


"Improving  training  from  the  student's 
viewpoint  by  making  it  more  interesting." 

The  report  described  seventeen 
subjects  offering  possibilities  for  the 
use  of  films  in  Commercial  training 
and  recommended  that  companies 
planning  to  undertake  the  produc- 
tion of  films  give  consideration  to 
these  subjects. 
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PLANT    DEPARTMENT 

The  Plant  Dkpartmknts  of  Bell 
System  companies  have  made  exten- 
sive use  of  films  in  training.  Films 
have  been  especially  useful  in  teach- 
ing safe  practices  and  in  training 
foremen  in  the  principles  of  good 
supervision. 

There  are  those  who  believe  that 
it  is  in  Plant  work  that  films  can 
realize  their  greatest  value.  As  in 
other  departments,  "learning  by  do- 


the  extent  to  which  films  may  be  used 
to  supplement  "learning  by  doing" 
in  Plant  work.  The  training  assign- 
ments in  four  selected  crafts  were 
thoroughlv  analyzed  so  as  to  select 
those  in  which  real  benefits  could  be 
obtained  by  the  use  of  training  films. 
The  crafts  studied  were  (i)  cable 
splicing,  (2)  maintenance  of  central 
oflfice  frames,  (3)  station  installa- 
tion, and  (4)  line  and  cable  construc- 
tion.    The  areas  in  which  these  crafts 


A  Company   projection   booth:   Slide  film  projector  on  the  left,  16  mm.  motion 

picture  projector  on  the  right 


ing"  has  been  and  must  continue  to 
be  the  fundamental  of  Plant  training. 
But  since  the  use  of  tools  and  ma- 
chines is  involved,  calling  for  highly 
skilled  craftsmen  working  on  a  great 
variety  of  tasks,  there  are  many  op- 
portunities for  the  use  of  films  all 
through  the  training  process. 

A  preliminary  study  has  just  been 
completed  in  an  attempt  to  appraise 


were  studied  have  training  situations 
typical  of  those  existing  generally 
throughout  the  Bell  System. 

It  appears  that  training  films 
might  be  used  to  advantage  in  from 
30  per  cent  to  56  per  cent  of  the 
assignments  in  these  crafts,  and  it  is 
probable  that  some  experimental 
films  may  follow  as  a  result  of  the 
studv. 
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A    TECHNICAL    coxsu LTATiox    during    the    making   of   the    slide    hhn 
"Teamwork  Against  Trouble" 


A  proHtable  field  for  the  use  of 
films  may  be  found  in  the  introduc- 
tion to  Plant  forces  of  new  telephonic 
devices.  It  has  always  been  recog- 
nized that  it  is  important  not  only 
to  design  and  develop  such  devices 
but  to  interpret  and  explain  them  in 
terms  that  can  be  uniformly  under- 
stood by  the  thousands  of  people  who 
must  install  and  maintain  them  when 
they  are  ready  to  be  put  to  public  use. 

In  making  these  things  publicly 
useful,  it  is  necessary  that  the  inter- 
pretive and  explanatory  tools  be 
themselves  understood,  and  that  they 
be  of  the  best  quality.  The  tools  in- 
clude   such    things    as    charts,    blue- 


prints, written  instructions,  and  train- 
ing manuals. 

It  is  now  beginning  to  be  recog- 
nized that  film  is  itself  one  of  these 
tools.  In  looking  into  the  future,  it 
is  not  difficult  to  envision  a  day  when 
the  men  who  design  telephone  equip- 
ment, and  those  who  prepare  the  spe- 
cifications for  its  installation  and  use, 
will  think  in  terms  of  film  as  natu- 
rallv  as  thev  now  think  in  terms  of 
these  other  explanatory  devices. 

TRAFFIC    DKI'ARTMHNT 

Thk  Traffic  Departmhnt  has  less 
occasion  to  use  the  classroom  tech- 
nique than  any  of  the  other  telephone 
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Ix  A  HOLLYWOOD  STUDIO  during  the  filming  of  the  motion  picture 
"Voices  of  Victory" 


operating  departments.  It  has  the 
best  possible  training  device  ready 
to  hand  in  the  switchboard  Itself. 
Individual  instruction  has  thus  been 
brought  to  a  high  level  of  efficiency, 
with  most  of  the  training  being  done 
with  one,  two,  or  three  operators  at 
the  most. 

Nevertheless,  there  is  great  inter- 
est in  training  films  in  this  field,  par- 
ticularly for  their  value  in  bringing 
to  the  operator  a  knowledge  of  the 
work  of  other  tvpes  of  operators, 
and  for  the  introduction  of  new 
methods  in  those  special  cases  where 
large  numbers  of  operators  must  be 
given  instruction  in  a  short  period  of 


time.  Films  also  appear  to  have 
value  in  the  training  and  develop- 
ment of  supervisors  and  their  further 
use  in  this  field  is  under  consideration. 
The  inspirational  and  morale- 
building  film  has  been  used  very 
widely  in  the  training  of  Traffic  peo- 
ple. "Voices  of  Victory" — a  Holly- 
wood-made motion  picture — is  doing 
veoman  war-time  service.  The  new 
picture,  "The  Calls  That  Cure,"  de- 
picting telephone  service  in  war  hos- 
pitals, is  now  being  used  to  illustrate 
the  value  of  the  operator  in  the  war 
effort.  And  at  the  suggestion  of 
Traffic  training  people,  a  similar 
theme    has    been    given    emphasis    in 
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"Plan  for  Disaster,"  the  film  that 
tells  the  story  of  the  1944  hurricane. 

Similar  in  nature  are  the  films  de- 
signed to  secure  cooperation  in  such 
important  matters  as  ticketing  accu- 
racy, bv  showing  dramatically  the 
adverse  effect  that  errors  can  have 
on  customer  attitude. 

A  lecture  prepared  by  the  Long 
Lines  Plant  Department,  designed  to 
improve  operator  cooperation  in 
caring  for  the  equipment  she  uses  at 
the  switchboard  and  thus  conserve 
manpower  in  war-time,  is  now  being 


The  Role  of  the  Information 
Departments 

There  has  been  a  growing  need 
for  centralizing  the  production  and 
procurement  of  training  films  in  the 
Bell  System.  By  mutual  consent,  the 
Information  Department  has  usually 
been  assigned  this  responsibility. 
Not  only  have  its  members  had  much 
experience  with  making  and  distribut- 
ing films  for  public  showing,  but  they 
are  skilled  in  the  graphic  arts  that 
are  a  part  of  film-making.     It  will  be 


adapted,  in  cooperation  with  Traffic  their  task  to  keep  abreast  of  the  de- 
people,  to  the  sound-slide-film  tech-  velopment  of  film  techniques,  to 
nique.  This  will  expand  its  useful-  bring  these  techniques  to  the  atten- 
ness  and  relieve  the  skilled  central  tion  of  training  people  in  all  depart- 
ofl^ice  maintenance  men  who  other-  ments,  and  to  assist  In  the  produc- 
wlse  must  be  depended  upon  to  de-  tlon  of  such  films  as  training  people 
liver  the  lecture  In  person.  may  decide  to  be  desirable. 


Messenger  of  Sympathy  and  Love 

Servant  of  Parted  Friends 

Consoler  of  the  Lonely 

Bond  of  the  Scattered  Family 

Enlarger  of  the  Common  Life 

Carrier  of  News  and  Knowledge 

Instrument  of  Trade  and  Industry 

Promoter  of  Mutual  Acquaintance 

Of  Peace  and  of  Goodwill 

Among   Men   and   Nations 


Inscription      on     the     faqade     of     the 
City  Post  Office  in  14'ashington,  D.  C. 


The  Telephone  Companies  along  the  Ohio  Proved  that  They 

Had  Learned  Much  about  Combatting  High  IVater  When 

a  Mighty  Flood  Occurred  hast  March 


Outwitting  a  River  on 
a  Rampage 

Ralph  E.  Mooney 


"Me  and  the  telephone  is  leaving!"  So  said  the  pro- 
prietor of  a  Bridgeport,  Ohio,  filling  station  as  flood  wa- 
ters drove  him  from  his  place  of  business.  His  few  words 
tell  succinctly  what  happened  along  the  Ohio  this  Spring 
when  Bell  companies,  short-handed  on  account  of  the 
war,  took  the  unusual  course  of  broadcasting  appeals  to 
customers  to  rescue  telephones  and  bell-boxes  in  danger 
of  a  ivetting. 


Dwellers  along  the  Ohio  River 
watched  with  misgiving  as  heavy 
rains  melted  the  snows  of  an  extra- 
ordinary winter  and  brought  the 
third-highest  crest  on  Weather  Bu- 
reau records,  early  last  March.  Ev- 
eryone knew  that  in  face  of  war 
shortages  it  would  be  disastrous  if 
the  region  suffered  losses  like  those 
of  1937,  when  the  father  of  all  floods 
swept  the  Ohio  and  Mississippi  val- 
leys. Telephone  people,  in  particu- 
lar, knew  that  any  losses  suffered  in 
equipment  could  be  replaced  only 
with  the  greatest  difficulty.  But  the 
flood  came — and  passed — and  for 
several  reasons  1945  did  not  turn  out 
like  1937. 


One  reason  was  the  public  endeav- 
ors to  prevent  flood  damage  which 
had  been  under  way  since  the  earlier 
flood.  This  year's  water  was  partly 
impounded  by  seven  conservation 
dams  on  the  Allegheny  and  Monon- 
gahela  and  a  series  of  dams  on  the 
Muskingum.  Furthermore,  the  Ten- 
nessee Valley  system,  though  not 
complete,  functioned  effectively  to  re- 
duce the  crest  on  the  lower  reaches 
of  the  Ohio.  And  sea  walls  built 
since  1937  ^^  many  towns — notably 
Wellsville  and  Ironton  in  Ohio  and 
Tell  City  and  Jeffersonville  in  Indi- 
ana— also  proved  successful  in  keep- 
ing out  the  river. 

Flood  walls  and  regulation  of  the 
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water  level  prevented  damage  to 
much  telephone  equipment,  of  course. 
But  still  more  equipment  was  saved 
by  the  telephone  companies'  own  de- 
fense measures,  taken  during  the  past 
eight  years  in  anticipation  of  the  pos- 
sible recurrence  of  severe  and  damag- 
ing floods. 

P'or  the  Bell  companies  along  the 
Ohio,  Mississippi,  and  other  rivers 
engaged  in  much  soul  searching  after 
adding  up  the  losses  of  1937.  They 
found  some  consolation  in  the  ster- 
ling achievements  of  engineers,  op- 
erators, linemen,  and  repairmen  in 
keeping  essential  lines  in  service  dur- 
ing that  emergency.  Gratifying,  too, 
were  the  commendations  received 
then  for  assistance  rendered  by  tele- 
phone people  to  the  Red  Cross, 
Coast  Guard,  and  other  relief  and 
rescue  agencies.  But  no  one  could 
feel  that  these  were  honors  to  rest 
on.  A  program  to  safeguard  against 
future  losses  was  launched  at  once. 
The  Bell  System  always  has  valued 
foresight  above  hindsight. 

Offhand,  the  control  of  damage  to 
telephone  equipment  from  floods 
might  seem  to  be  a  matter  that  Sher- 
lock Holmes  would  dismiss  as  "ele- 
mentary, my  dear  Watson."  If  a 
river  occasionally  submerges  switch- 
boards, telephones,  wire  and  cable 
lines,  why  not  move  them  above  high 
water  mark?  At  least  since  Noah's 
day,  hilltops  that  floods  never  reach 
have  been  available;  why  not  put  the 
telephone  buildings  and  lines  up 
there?     But  it  is  not  that  simple. 

River  towns  exist  because  of  the 
rivers.  They  are  ports.  Not  only 
do  they  handle  freight  from  steam- 
boats and  barges,  but  the  silted  plains 
about   them    often    are    found   to   be 


valuable  Industrial  sites,  with  the  ad- 
vantages of  rail  and  water  trans- 
portation. And  if  a  port  or  manu- 
facturing center  exists,  it  must  have 
telephone  service,  local  and  long  dis- 
tance. Therefore,  only  a  certain 
amount  of  equipment  can  be  taken  to 
high  locations.  What  remains  in  the 
lowlands  must  be  protected  by  vari- 
ous means. 

Long  Lines'  Protective  Measures 

Ix  THE  Ohio  and  Mississippi  val- 
leys, the  Long  Lines  Department  of 
the  American  Telephone  and  Tele- 
graph Company  since  1937  has  re- 
built lowland  lines  with  more  than 
1700  poles  tall  enough  to  carry  the 
wires  and  cables  above  high  water. 
Some  of  these  lines  already  have  been 
tested  two  or  three  times  and  hav^e 
stood  firm  with  their  wire  loads  safe 
above  acres  of  water.  Long  Lines 
also  relocated  about  30  miles  of  lines 
on  higher  ground  and  rebuilt  a  river 
crossing  near  Murphysboro,  Illinois, 
to  provide  greater  clearance  from 
flood  water.  At  Louisville,  Mem- 
phis, Alexandria,  Cincinnati,  and 
Portsmouth,  long  distance  entrance 
cables  were  put  under  gas  pressure 
so  that  even  when  they  are  sub- 
merged the  gas  win  prevent  water 
leaking  in  through  any  previously  un- 
detected small  openings.  At  two 
other  towns,  long  distance  equipment 
was  moved  to  first  and  second  floor 
levels,  and  safeguards  for  power 
plants  were  arranged. 

DiRixc;  the  years  since  1937,  the 
associated  Bell  companies  along  the 
rivers  have  taken  precautions  that 
vary  in  degree  from  actually  remov- 
ing central  offices  from  lowland  loca- 
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tions  to  perfecting  plans  for  the  res-      used  in  lowland  locations  the  follow- 


cue  of  equipment  which  is  to  be  left 
in  place  until  the  last  minute. 

Elaborate  maps  of  many  riverside 
exchanges  have  been  prepared,  show- 
ing in  color  the  areas  which  will  be 
inundated  at  any  given  stage  of  the  likely  to  be  submer{2;ed,  a  sealed  chamber  is 
river.  These  maps,  plus  card  sys-  used  and  the  cable  run  throufzh  -'i  cross- 
terns,      enable     superintendents     and      connecting  box  above   flood   level,   so  that 


ing  practices  have  become  standard 

Cross-connecting  and  house  cable  termi- 
nals are  placed  above  flood  levels  on  poles 
and  buildings  wherever  possible.  If  ter- 
minals   must    be    installed   where    they   are 


Boat,  druniN  ..f  tucl,  aiul  hoisting  apparatu.s  on   the  root  of  a  telephone  building 
indicate  how  thoroughly  preparations  were  made  for  an  emergency  in  the  flood  zone 

last  March 


wire  chiefs  to  dispatch  plant  men 
systematically  to  rescue  telephone 
and  switchboard  equipment  as  the 
water  rises.  The  stages  of  the  river 
might  be  said  to  be  announced  by 
Green,  Blue,  and  Red  warnings  some- 
what like  the  recently  abandoned 
Civilian  Defense  air-raid  alarms. 
Also,    where    equipment    must    be 


only  the  pairs  in  the  sealed  terminal  will 
be  affected. 

Underground  cables  which  are  not  under 
continuous  gas  pressure  are  equipped  with 
valves  so  that  gas  can  be  fed  in  if  it  ap- 
pears probable  that  they  will  be  submerged. 

When  a  PBX  or  key  equipment  is  to  be 
installed,  arrangements  for  protecting  the 
equipment  during  a  flood  are  discussed  with 
the  customer  and  made  certain.     Some  in- 
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genious  schemes  have  been  worked  out — 
such  as  a  block-and-tackle  hoist  to  lift  a 
PBX  switchboard  through  openinj^s  in  the 
floors  to  levels  on  which  it  can  continue  to 
function  during  high  water,  and  to  lower 
it  again  to  the  location  desired  by  the  cus- 
tomer under  normal  conditions. 

Baseboard  wiring  for  buzzer  and  key  sys- 
tems is  not  nailed  in  place,  but  is  fastened 


Emergency  stocks  of  many  kinds  were 

stored  in  telephone  central  offices  up  and 

down  the  river 


with  clamps  so  that  it  can  be  swiftly  re- 
moved. 

At  Pittsburgh 

Pittsburgh  was  the  first  to  act  on 
warnings  of  this  year's  Hood,  but  the 
river  rose  only  to  a  stage  of  33.5 
feet — not  high  enough  to  do  much 
damage.  No  telephones  or  bellboxes 
were  lost. 


At  Pittsburgh  and  all  other  river 
towns,  however,  it  was  necessary  to 
marshal  defenses  on  receipt  of  the 
warning.  That  meant  checking  and 
building  up  emergency  stocks  of  re- 
pair material,  making  ready  with 
boats  and  rubber  boots  for  telephone 
men,  and  arranging  for  stoves,  blan- 
kets and  cots  at  central  offices  which 
might  be  isolated.  Fuel  supplies 
were  gathered  for  emergency  power 
generators  and  materials  were  assem- 
bled for  sandbag  barricades  to  pro- 
tect cellars  and  lower-floor  openings. 
The  Traffic  Departments  had  to  re- 
view their  plans  to  make  certain  of 
transportation  of  operators  to  the  of- 
fices wherever  bus  or  street  railway 
service  might  be  suspended. 

///  JVest  Virginia 

Below  Pittsburgh,  the  Chesapeake 
and  Potomac  Telephone  Company  of 
West  Virginia  has  20  central  offices 
serving  66,000  telephones  along  the 
Ohio.  When  a  flood  occurs,  a  ma- 
jority of  the  people  in  this  area  move 
their  furniture  above  the  expected 
flood  stage  and  remain  in  their 
homes.  The  telephone  company  in 
normal  times  looks  after  the  tele- 
phone equipment;  and  the  whole,  as 
may  be  gathered,  is  somewhat  a  rou- 
tine proceeding. 

This  vear  it  was  necessary  to  re- 
move or  relocate  1 1  private  branch 
exchanges,  9  key  equipments,  23 
booths,  and  1,538  telephone.  About 
a  third  of  the  telephones  were  saved 
bv  customers  acting  at  the  request  of 
the  company  as  a  war  measure.  In 
the  over-all  job,  only  23  telephones 
and  8  bellboxes  were  damaged.  This 
compares  with  a  loss  of  1,768  tele- 
phones and  146  bellboxes  in  1937. 
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///  Ohio 


No  EQUIPMENT  was  lost  during  the 
1945  flood  in  the  territory  of  the 
Ohio  Bell  Telephone  Company.  In 
the  Zanesville  district,  on  the  Mus- 
kingum river  in  the  upper  Ohio  val- 
ley, subscribers  removed  446  tele- 
phones at  the  company's  request. 
Many  of  these  customers  said  they 
were  pleased  to  know  that  service 
could  be  maintained  until  they  were 
forced  to  vacate. 

At  Steubenville,  Ohio,  flood  stage 
is  35  feet.  The  crest  this  year  was 
44.3.  The  telephone  company's  pole 
yard  was  flooded,  but  all  the  poles 
had  been  securely  lashed,  so  the  only 
damage  was  to  the  driveways,  which 
required  65  tons  of  slag  to  make 
them  serviceable  again.  All  told, 
176  telephones  were  removed,  most 
of  them  in  the  Follansbee  and  Weir- 
ton  steel  plants  adjacent  to  the  river. 
Interruption  of  war  work  at  these 
plants  was  a  serious  matter,  and  the 
telephone  company  made  every  ef- 
fort to  maintain  service  till  the  last 
minute,  and  to  restore  it  as  soon  as 
possible. 

At  Bridgeport,  213  telephones 
were  removed.  When  water  blocked 
the  entrance  to  the  telephone  oflUce,  a 
fire  escape  was  rigged  to  a  neighbor- 
ing building  whose  entrance  was  dry, 
and  all  employees  had  to  enter  and 
leave  by  that  route.  Under  a  bridge 
adjacent  to  the  oflice,  a  jam  of  drift- 
wood threatened  to  make  trouble,  but 
two  experienced  rivermen  in  a  row- 
boat  were  able  to  clear  it  with  a  boat 
hook  in  a  few  hours. 

Marietta,  Ohio,  greeted  the  on- 
coming flood  as  if  it  were  a  county 
fair.  Trucks  backed  in  hub  to  hub 
to  move   out   stock   from   the   Front 


Street  stores.  No  one  hurried — they 
had  done  this  before.  But  move  out 
they  did,  and  the  river  took  over. 
Meanwhile,  the  telephone  people  be- 
gan on  the  river  front  and  worked 
back  up  the  hill,  removing  telephones 
and  equipment.     All  told,  the  equip- 


Precautions  of  another  sort:  protector 

installations  high  on  the  outside  walls  of 

residences,    beyond    the    reach    ot    flood 

waters 


ment  for  826  stations  was  saved. 
When  PBX  boards  were  taken  out 
or  shifted,  the  cables  were  cut  off  and 
capped.  The  business  ofl[ice  in  Mari- 
etta was  moved  to  the  second  floor 
of  a  bank  building,  and  the  records 
taken  to  a  central  ofl'ice  uptown. 
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Some  lashings  gave  way  in  the  pole      Telephone     Company     reports     that 
yards,  but  the  loose  poles  Hoated  into      while  each  Hood  in  that  city's  history 


a  backwater,  where  three  telephone 
men  had  the  seafaring  job  of  follow- 
ing them  in  boats  in  order  to  drive  a 
staple  into  each  pole  and  then  anchor 
it  or  tie  it  up. 

Soon  the  river  began  to  recede. 
Marietta  Hre  hoses  flushed  away  the 
silt    that    covered    the    streets    and 


added  some  "know  how"  to  pre- 
viously accumulated  experience,  it  re- 
mained for  the  79.9  foot  flood  of 
1937  to  become  the  most  effective 
teacher. 

Lessons  learned  then  resulted  in 
rearrangements  and  improved  pro- 
cedures which   were  effective  against 


A  PUBLIC  TELEPHONE  is  brought  to  dry  land  and  a  longer  life  of  service 


floors.  Truckmen  hauled  off  rubbish 
and  brush  piles.  And  back  came  the 
telephones  to  the  water  front. 

At  Ripley,  Ohio,  further  down  the 
river,  the  central  office  was  moved  to 
high  ground  shortly  after  the  1937 
flood.  It  was  never  in  danger  this 
year,  although  high  water  covered 
the  business  district. 

At  Cincinnati 

Thk    Cincinnati    and    Suburban    Bell 


the  69.2  foot  flood  this  year.  The 
company's  oflice  at  New  Richmond, 
Ohio,  which  was  put  out  of  service 
during  the  1937  flood,  has  been  re- 
placed with  a  community  dial  unit  lo- 
cated on  a  hillside  well  above  the  80 
foot  stage.  Old  "South"  oflice  at 
Covington,  Kentucky,  which  required 
sandbag  dikes  and  constant  pumping 
to  keep  water  out  of  the  basement 
power  room  in  1937,  has  been  trans- 
ferred to  the  Hemlock  building,  on  a 
high  level.    Although  the  power  com- 
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panics  serving  the  area  ha\c  im- 
proved their  phint  against  Hood  too, 
auxiliary  power  has  been  installed  in 
all  Cincinnati  telephone  buildings  as 
a  further  precautionary  measure. 
\\'herever  possible,  customer  equip- 
ment has  been  remo\ed  to  safe  loca- 
tions. 

When   the   Ohio   river   approaches 
60   feet    (flood   stage,    52    feet)    and 


involved  in  the  1945  flood  at  Cincin- 
nati. Of  these,  945  were  moved 
temporarily  to  new  locations,  while 
6,381  were  taken  out  pending  re- 
establishment  of  service  after  the 
flood.  Of  115  installations  involving 
PBX,  TWX,  and  key  cabinet  equip- 
ment, there  was  only  one  recorded 
loss,  and  in  total  about  268  tele- 
phones were  damaged. 


Telephone  poles  which  broke  loose  from  an  inundated  pole  yard  and  floated  away 

are  towed  to  a  safe  harbor 


threatens  to  go  higher,  "flood  bu- 
reaus" are  established  in  the  three 
plant  district  test  centers  at  Cincin- 
nati, and  requests  from  customers  to 
Jiave  telephones  removed  or  moved 
to  other  locations  are  directed  by  the 
Trafl^ic  Department  to  these  bureaus. 
When  the  volume  of  requests  makes 
it  necessary,  the  bureaus  are  manned 
on  a  24-hour  basis  by  representatives 
of  the  Commercial,  Plant  and  Traffic 
Departments. 

All    told,    7.326    telephones    were 


///  Kentucky 

In  the  Owensboro  district  of  Ken- 
tucky, served  by  the  Southern  Bell 
Telephone  and  Telegraph  Company, 
anti-flood  engineering  was  begun  im- 
mediately after  the  waters  receded 
in  1937.  AH  toll  lines  were  raised 
to  levels  that  would  eliminate  any 
possibilitv  of  their  being  submerged 
or  damaged  by  floating  debris.  Sev- 
eral magneto  oflices  were  converted 
to  community  dial  and  placed  above 
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flood  level.  Eddyville  and  Maceo 
are  two  central  offices  that  were  dam- 
aged in  1937  which  now  stand  on 
high  ground. 

The  citizens  of  Paducah  suffered 
so  severely  during  the  flood  in  1937 
that  this  year's  warnings  were  re- 
ceived with  considerable  alarm.  This 
put  a  heavy  burden  on  the  Southern 
Bell  Company's  equipment  and  per- 
sonnel at  a  time  when  service  at  the 
highest    possible    efficiency    was    re- 


A  FREQUEN  I  SIGH  1  aloiig  the  Ohio  River 
last  Spring:  temporary  removal  of  equip- 
ment ahead  of  rising  waters 


quired  to  expedite  the  work  of  the 
emergency  committees  appointed  by 
city  authorities.  Furthermore,  tele- 
phone  people   themselves  were  wor- 


ried for  their  families  and  household 
possessions.  Transportation  had  be- 
come a  serious  problem  as  one  by 
one  the  highways  out  of  Paducah 
became  blocked  by  high  water. 

A  meeting  of  telephone  employees 
was  held  at  which  all  available  in- 
formation on  .the  flood  was  circu- 
lated. To  those  concerned  about 
families  and  furniture,  the  company 
offered  its  assistance.  Since  the 
trucking  companies  of  Paducah  were 
overloaded,  arrangements  were  made 
for  vans  from  Madisonville  to  come 
into  Paducah  for  the  purpose  of  res- 
cuing employees'  furniture  should  ne- 
cessity arise.  It  was  also  arranged 
to  rent  Club  Lakeview,  outside  the 
flood  district,  to  be  used  as  a  dormi- 
tory for  telephone  people  who  might 
be  routed  from  their  homes.  A  milk 
company  at  Mayfield  was  asked  to 
make  ready  to  supply  ten-gallon  cans 
in  case  it  became  necessary  to  haul 
drinking  water.  Plans  were  even 
made  to  establish  an  emergency  com- 
mon-battery office  outside  the  flooded 
district  in  the  event  of  a  repetition  of 

1937- 

After  1937,  however,  Paducah 
had  seen  to  the  building  of  a  concrete 
wall  to  protect  against  a  63-foot 
level.  The  war  had  prevented  in- 
stallation of  the  flood  gates  in  this 
wall,  and  of  related  pumping  equip- 
ment. The  United  States  Engineer 
Corps  arranged  to  sandbag  the  open 
gates  and  to  borrow  pumps  from  the. 
Tennessee  Valley  Authority.  The 
pumps  cleared  low-lying  streets  of 
water  from  blocked  sewers  and  heavy 
rains.  .^Vnd  by  regulation  of  the  flow 
of  the  Tennessee  river  at  Kentucky 
Dam,  the  crest  at  Paducah  was  held 
to  50.5  feet.  The  sun  came  out  and 
the  crisis  passed  with  muddy  water 
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lapping  just  four  and  one-half  feet 
below  the  crown  of  the  sandbag  dams 
in  tiie  Hood  gates. 

///  Indiana 

Along  the  Indiana  side  of  the  river, 
in  the  territory  of  the  Indiana  Bell 
Telephone  Company,  damage  to  tele- 
phone plant  was  slight,  for  here  again 
"the  levees  held."  Here,  also,  cus- 
tomers helped  in  removal  of  tele- 
phones and  bellboxes,  so  that  very 
little  equipment  was  damaged. 

A  broken  sewer  tile  let  backwater 
flow  into  the  basement  of  the  old  lo- 
cal office  building  at  New  Albany, 
but  bv  constant  use  of  pumps  the 
water  was  held  to  a  level  of  four 
inches,  not  enough  to  affect  the  fur- 
nace, cables,  or  other  equipment. 

At  Evansville,  the  only  other  ma- 
jor Indiana  exchange  threatened  by 
the  flood,  a  crest  of  48.3  feet  was 
reached  on  March  11,  as  compared 
with  53.8  feet  on  January  31,  1937. 
Every  effort  was  made  to  remove  tel- 
ephones from  homes  as  rapidly  as 
they  were  evacuated.  To  make  more 
certain  of  the  recovery  of  instruments 
so  vital  in  wartime,  a  special  line  was 
installed  so  that  the  Red  Cross  office 
could  notify  the  telephone  company 
whenever  it  was  necessary  to  evacu- 
ate a  dwelling.  Part  of  the  recovery 
work  was  done  by  combinationmen 
and  linemen  in  rowboats.  They 
brought  in  75  telephones.  In  all, 
250  telephones  were  moved  from 
flooded  areas  in  Evansville. 

///  Illinois 

Three  Illinois  Bell  exchanges  along 
the  Ohio — Cairo,  Mounds,  and 
Mound    Citv — were    in    no    danger 


from  the  March  flood  this  year. 
Protected  by  a  sea  wall,  they  are 
threatened  only  when  the  Ohio  and 
Mississippi  are  both  at  flood  stage. 


On  a  temporary  platform  raised  tour  feet 
above  the  floor,  two  loyal  women  main- 
tained service  through  this  switchboard 
for  two  weeks  while  isolated  within  the 
office 


Emergencies  Are  Overcome 

Each  emergenxv — each  upheaval 
from  normal  life — means  extra  work 
at  top  speed  for  the  men  who  install 
and  maintain  telephone  equipment, 
and  for  telephone  operators.  Some- 
times it  means  work  under  extremely 
trying  conditions.  This  year,  for  ex- 
ample. West  Point,  Kentucky,  be- 
tween Louisville  and  Fort  Knox,   in 
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Southern  Bell  territory,  was  ordered 
evacuated  by  the  Army  Command  at 
Fort  Knox,  on  the  afternoon  of 
March  6.  The  homes  of  all  West 
Point  operators — five  in  number — 
were  Hooded. 

But  although  the  water  was  still 
rising  and  the  telephone  office  was 
completely  surrounded,  the  night  op- 
erator got  a  rowboat  and  returned 
to   the   office   of   her   own   accord   on 


the  attended  pay  stations  were 
swamped  with  calls. 

At  Louisville,  many  operators  had 
to  move  to  temporary  quarters  be- 
cause of  Hooded  basements  at  home 
or  because  water  in  the  streets  made 
their  homes  inaccessible.  They  re- 
mained on  duty,  however,  and  some 
took  advantage  of  the  living  arrange- 
ments provided  at  the  telephone  of- 


Many  thousands  ot  telephones  were  saved  from  damage  by  being  removed  from 
structures  in  the  high-water  area  and  stored  m  safetv  until  the  Hood  receded 


March  7.  She  restored  toll  service, 
and  local  service  on  the  15  lines  still 
working.  Two  days  later  the  chief 
operator  w'as  able  to  return  to  the 
office  in  an  Army  amphibious  vehicle, 
and  a  little  later  two  other  operators 
joined  them. 

Fort  Knox  itself  was  teeming  with 
activity  all  this  while.  With  the  mil- 
itary personnel  confined  to  the  post, 
and  with  a  large  population  of  evacu- 
ees In  addition,  the  switchboard  and 


fices  by  the  Southern  Bell  Telephone 
Company.  When  the  high  schools  of 
Louisville  were  dismissed  at  1 1  a.  m., 
March  6,  nearly  all  of  the  90  high- 
school  girls  who  were  working  part 
time  for  the  telephone  company  re- 
ported for  duty.  i\Liny  former  op- 
erators also  ofl^ered  their  services. 

At  both  the  Louisville  and  Padu- 
cah  long  distance  and  local  boards, 
calls  came  too  rapidly  to  be  counted 
during  the  crest  periods.     At  Jeffer- 
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Outwitting  a  River  on  a  Rampage 
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sonvillc,  Indiana,  at  times  90  per  cent  \  iew's  telephone  calls  for  two  weeks, 
of  the  switchboard  lamps  appeared  'I'hey  could  not  set  foot  outside  the 
to  be  lighted.     At  New  Albany,  long      office,    and    were    dependent    on    the 


distance  calls  were  twice  those  of  a 
normal  wartime  day. 

At  Cirandview,  some  32  miles  up 
the  river  from  Evansville,  Indiana, 
water  rose  to  within  Inches  of  the 
Hoor  of  the  telephone  exchange.    The 


men  for  food,  coal,  and  other  neces- 
sities brought  by  boat  from  Rock- 
port,  live  miles  away. 

While  these  are  possibly  the  most 
newsworthy  incidents  reported  in  con- 
nection   with    this    year's    flood-time 


Opportl -Ni  rv  was  taken  to  recondition  key  cabinets  and  PBX  switchboards  while 

they  were  out  of  service 


wire  chief  and  combinationman,  with 
the  advice  and  assistance  of  the  Ev- 
ansville district  plant  superintendent, 
constructed  a  seven-by-nine-foot  plat- 
form on  saw  horses  50  inches  above 
the  floor.  They  put  the  switchboard 
on  the  platform  and  also  contrived 
to  place  a  cot  beside  it. 

From   this  lofty  perch,   the   agent 
and    her    operator    handled    Grand- 


telephone  service,  the  fact  must  not 
be  overlooked  that  tremendous  traffic 
and  urgent  situations  had  to  be  dealt 
with  from  Pittsburgh  to  Cairo. 

This  vkar's  highly  successful  coun- 
tering of  a  great  Ohio  flood  had  im- 
portance beyond  the  intrinsic  value 
of  equipment  saved  and  loss  pre- 
vented,   for    in    wartime    such    home 
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front  victories  aid  the  smooth  supply  phone  people  on  the  job.  The  com- 
of  armies  at  the  front.  As  in  every  ing  of  the  flood  found  the  super- 
telephone  achievement,  two  factors  visory  groups  better  prepared  than 
were  involved.  One  was  the  Bell  they  ever  had  been  before.  And  it 
System's  willingness  to  learn  lessons  found  the  telephone  men  and  women 
and  plan  ever  more  thoroughly  to  cir-  of  the  Ohio  Valley  exchanges  ready 
cumvent  emergencies.  The  other  as  always  to  make  any  necessary  per- 
was  the  unfailing  response  to  public  sonal  sacrifice  to  get  the  message 
need    that    is    characteristic    of    tele-  through. 


Singing  Wires 


When  winter  is  about  ready  to  ab- 
dicate to  spring,  and  the  pussy  willows 
lift  their  branches,  comes  the  time 
when  the  telephone  wires  along  the 
winding  back-country  roads  sing  their 
arias  of  a  new  season.  Singing  wires 
are  a  part  of  the  music  in  the  air  when 
spring  is  ready  to  ascend  her  throne. 

There  is  undoubtedly  a  learned  sci- 
entific reason  why  telephone  wires  put 
on  their  orchestral  performance.  This 
is  a  scientific  age  and  we  cannot  expect 
even  a  free  symphony  to  occur  with- 
out good  reason.  Perhaps  the  best 
performances  of  the  year  are  given  in 
late  March.  On  a  mellow  day  when 
the  south  wind  is  blowing,  when  the 
sky  is  wearing  its  cape  of  deepest  blue, 
with  a  few  masses  of  white  cumulus 
clouds  for  ruffles,  the  wires  seem  to 
enjoy  their  steady  song. 

The  song  of  the  wires  is  steady  but 
it  is  not  monotonous.  There  are  over- 
tones of  lyrical  runs,  long  sustained 
notes  in  alto  and  contralto  key,  deeper 
intermittent  overtones  of  resonant 
bass.      Occasionally  one   gets  a   faint 


hint  of  a  clean,  haunting  pure  high 
tenor.  There  are  times  when  the 
tempo  mounts  in  crescendo  fortissimo  ; 
one  almost  expects  the  crash  of  the 
percussion  instruments  and  the  stir- 
ring lifting  power  of  the  brasses. 
Then,  again,  the  wires  sing  softly 
of  day's  loveliness,  humming  a  theme 
of  unexplored  possibilities,  sustaining 
the  music  to  accompany  the  rollicking 
optimism  of  robins. 

There  are  men  and  women  in  city 
oflfiices  who  will  look  out  their  win- 
dows these  hope-stirring  days  and 
think  of  country  roads  far  away  where 
the  telephone  wires  run  from  weath- 
ered pole  to  pole,  above  the  lichened 
stone  walls  or  split  rail  fences.  Years 
ago  they  listened  to  the  singing  wires. 
Boys  and  girls  coming  home  from 
schoolhouses  with  lunch  boxes  in  hand 
still  stop  to  listen.  In  the  song  of 
wires  in  spring,  youth  has  heard  the 
call   to  paths  of  adventure. 

Vrom     The     New     York     Times, 
by  permission 
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Editors'  note:  Two  of  the  three  articles  listed  below  deal 
with  communications  at  war.  As  these  pages  go  to  press,  there 
are  indications  that  the  surrender  of  Japan  is  imminent,  and 
therefore  this  issue  may  be  distributed  in  a  world  at  peace.  If 
that  should  happily  be  so.  the  articles  will  perhaps  have  no  less 
interest  as  a  record  of  some  of  the  ways  in  which  communica- 
tions have  contributed  to  the  victory. 
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I.    Of2  the  Ground 

By  Major  General  Harry  C,  Ingles 

CHIEF  SIGNAL  OFFICER.  UNITED  STATES  ARMY 


All  Americans  are  overjoyed  at  the  glori- 
ous victories  won  in  Europe  by  the  forces  of 
the  United  Nations.  Hundreds  of  officers 
participated  in  planning  the  crucial  battles 
of  the  final  campaign  against  Germany. 
These  battles  were  led  by  thousands  and 
fought  by  millions,  but  they  were  directed 
by  one  man — the  Supreme  Commander — 
who  dealt  with  the  destinies  of  nations  and 
the  lives  of  countless  human  beings. 

Vital  to  victory  was  the  prompt  and  cer- 
tain transmittal  of  battle  orders  from  the 
highest  echelon  down  through  the  chain  of 
command  to  corps,  to  divisions,  and  thence 
to  smaller  units,  and  the  immediate  transla- 
tion of  those  orders  into  coordinated  action. 

The  instrument  by  which  coordination 
was  achieved  is  military  communication. 
It  is  the  responsibility  of  the  Signal  Corps 
to  supply  the  Army  with  a  system  of  com- 
munications which  radiates  from  the  War 


Department  in  Washington  to  every  spot 
where  American  troops  are  in  action.  It  is 
a  system  which  shapes  the  pattern  of  our 
armies'  movement  and  striking  power, 
serves  every  commander  and  every  soldier, 
and  holds  them  together  in  united  action. 

In  fashioning  this  vast  network  and  in 
manning  and  producing  its  equipment,  the 
Signal  Corps  has  had  the  unstinted  sup- 
port of  the  entire  electronics  industry  and 
the  commercial  communications  companies. 
These  organizations  have  placed  the  war 
needs  of  the  Nation  above  all  other  con- 
siderations. Their  response  to  all  military 
demands  has  been  prompt  and  patriotic. 
Hy  their  unselfish  public  service  they  have 
earned  the  lasting  gratitude  of  the  country. 

It  is  my  confident  conviction  that  this 
splendid  cooperation  will  continue  not  only 
until  Japan  has  been  defeated  but  far  into 
the  coming  years  of  peace. 
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The  Main  Channels  of  Military 
Communication 


Out  of  this  nation's  prosecution  of 
global  war  has  come  in  a  few  swift 
years  a  military  communications  sys- 
tem unparalleled  in  history.  On 
every  continent  and  across  every  ocean  it 
carries  messages  at  incredible  speed  and  in 
incalculable  number. 

Many  men  are  needed  to  install  and 
maintain  and  operate  this  globe-encirclinji 
system.  There  are  more  men  in  the  Army 
Signal  Corps  today  than  in  the  entire  U.  S. 
Army  of  six  years  ago,  and  the  communica- 
tions specialists  in  other  branches  add  many 
thousands  more  to  the  total. 

The  Signal  Corps  catalog  of  equipment 
lists  more  than  100,000  separate  items,  of 
which    about    i,ooo   are   of    major    impor- 


tance. The  quantities  in  which  they 
arc  made  and  used  are  best  expressed 
not  in  numbers  but  in  thousands  of 
tons. 
This  communications  system  exists  for  but 
one  purpose :  to  unify  into  a  single  organ- 
ism the  staffs  at  Washington  and  in  the 
theaters  of  operation,  armies,  corps,  divi- 
sions, regiments,  battalions,  companies, 
platoons,  patrols — integrating  them  with 
one  another  and  with  the  grand  plan  of 
global  strategy. 

The  system's  vastness  and  complexity  are 
bej'ond  description.  But  it  is  possible — by 
over-simplifying,  by  narrowing  down,  by 
eliminating  the  intricate  secondary  and  lat- 
eral lines  interconnecting  all  branches  and 
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services — to  represent  graphically  the  main 
channels  of  military  communication.  On 
the  lower  halves  of  these  dozen  pages  are 
shown  an  "ideal"  arrangement  of  wire  and 
radio  circuits,  typical  to  greater  or  less  de- 
gree of  any  theater  in  which  American 
troops  are  engaged,  over  which  messages 
mav  pass  "from  Pentagon  to  foxhole." 


The  photographs  on  the  upper  halves  of  these 

12  pages  illustrate  the  military  importance  of 

electrical  communications  of  many  kinds  and 

in  many  fields  of  combat 


Soldiers  and  civilian  personnel  operate  these 
teletypewriters    at    an    overseas    headquarters 


Headquarters,  Theater  of  Operations 


A  TELEPHONE  POLE  left  Standing  near 
Manila  by  the  Japs  comes  down  to 
repair  a  bridge  which  they  demolished 


Battle-torn  Manila's  communica- 
tions are  revived  as  U.  S.  Signal 
Corps  troops   restore  telephone  cable 


Army  Group  Headquarters 


I 


Telephone  wire  must  penetrate  dense  tropic  jungles,   as  here  on  Bougain\  ille,  where  trees 
serve   the   moment's   need   as   telephone  poles 


Army  Headquarters 


In  the  China-Burma-India  theater,   an  American  officer  and  Chinese  troops  observe  the  ef- 
fect of  artillery  fire  against  the  Japanese 


Corps  Headquarters 


This  forward  command  post  overlooks  Lemon  Valley  on  Leyte  Island  in  the  Philippines 


Infantry  Division  Command  Post 


One  unit  of  a  {jun  direc- 
tor. Telephone  communi- 
cation between  directors 
and  artiller\-  batteries  is  of 
prime  importance 


Lki't:     Recci\  itm;    a    inessaj^e    in     a 
radio  hut  on   a   Pacific  island 


Right:    Switchboards    in    a    communication 
dugout   in   the    Pacific   theater 
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Infantry  Regiment 
Command  Post 


Divisional  Artillery  Command  Posj 


A  COMMAND  POST  message  center  in  HoUandia 


Infantry  Battalion  Command  Post    ^Jf^ 
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•      Command 
Post 


This    radio    set    was    broui^ht    ashore    and 

put    into    operation    during    a    landing    on 

Butaritari  Island 


In  a  dugout  shelter  in  New  Guinea  these 

Signal   Corps   men   test   telephone   circuits 

with    others    who    are    outside    "shooting 

trouble" 


Infantry 
Company 
Command 
Post 


Armored 
Battalion 
Command    ^ 
Post 
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Behind  the  wreckage  of  a  Japanese  plane,  Americans  direct  artillery  fire  from  a  shell-hole 

command  post  on  Iwo  Jima 
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Artillery 

Battery 

Commander 

and  Gun  Crew    W 
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Tank  Company  Commander 


The  telephone  switchboard  makes  this  cave  the  nerve  center  of  \'ella  Lavella   Ishind 


Ix  THE  early  staiies  of  the  bloody  struggle 
for  Iwo  Jima  a  shallow  foxhole  gives  scant 
shelter  to  the  communicator  calling  for  artil- 
lery support,  while  at  the  right,  telephone 
wire  is  carried  forward  under  fire 
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Infantry  - 
the 
Front  Line 
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Tanks 

in 

Action 


The  Army  Command  and  Administrative 

Network 


The  perfect  control  and  coordination 
of  all  military  elements  of  this  Nation's 
fighting  forces  on  far-flung  battle  fronts  is 
a  vital  factor  in  achieving  victory. 

The  War  Department  communications 
networks,  through  which  this  control  and 
coordination  are  accomplished,  cover  the 
United  States  by  wire,  and  spread  out  by 


radio  to  the  headquarters  of  all  overseas 
theaters  of  operations,  making  connections 
there  with  many  other  smaller  networks 
which  may  reach  into  every  tank,  plane, 
and  lonely  outpost. 

The  backbone  of  this  gigantic  system  is 
the  Army  Command  and  Administrative 
Network,    installed,    operated,    and    main- 


tained  by  the  Army  Communications  Serv- 
ice of  the  Signal  Corps.  More  than  50,- 
000,000  words  per  day  have  flashed  over 
its  circuits — tremendous  volumes  of  highly 
important  military  and  diplomatic  traffic 
on  which  may  depend  the  success  or  failure 
of  the  war,  the  lives  and  welfare  of  the 
soldiers,  the  very  security  of  our  country. 
The  Nation's  inventive  genius,  engineer- 
ing skill,  and  electrical  resources  were 
pooled  in  the  creation  of  this  integrated 
world-wide  system.  Possibly  the  most  sig- 
nificant single  development  was  the  placing 
of  communications  on  virtually  an  auto- 
matic  basis,    eliminating   the   old    dot-dash 


method  of  transmission.  Messages  con- 
verted into  strips  of  perforated  teletype- 
writer tape  may  be  relayed  swiftly  and  effi- 
ciently from  land  line  to  radio  and  back 
to  land  line.  Recently,  in  a  demonstration 
of  flexibility.  Army  Communications  Serv- 
ice sent  a  nine-word  message  completely 
around  the  earth,  through  four  automatic 
relay  stations,  in  oj/j  seconds. 

On  these  two  pages  are  shown  the  prin- 
cipal radioteletypewriter  circuits  which 
make  it  possible  for  the  high  command  in 
Washington  to  maintain  immediate  and 
intimate  contact  with  all  overseas  com- 
manders. 


TO  RIGHT 

FLANK 

DIVISION 


How  War  Consumes  Telephone  Wire 


A  TYPICAL  infantrj-  division's  normal  sup- 
ply of  telephone  wire  when  it  goes  into 
combat  exceeds  700  miles. 

Wire  must  move  with  the  troops.  Often 
there  is  not  time  to  recover  it  after  a  posi- 
tion has  been  held  for  a  period.  So  a  fresh 
supply  of  wire  is  needed  for  each  move. 

And  while  a  division  is  in  position,  the 
enemy  tries  by  every  means  possible  to  dis- 
rupt and  damage  its  communication  lines. 
Many  miles  of  wire  are  lost  to  such  action, 
and  cannot  be  re-used. 

As  soon  as  an  infantry  division  command 
post  is  established,  one  or  more  wire  cir- 
cuits fan  out  as  quickly  as  possible  to  the 
units  listed  on  the  opposite  page. 

The  majority  of  these  channels  are  trunk 
circuits  terminating  in  switchboards  from 


which  there  may  be  from  four  to  forty  ex- 
tensions. An  infantry  division,  including 
the  usually  attached  units,  has  about  70 
switchboards  which  serve  more  than  550 
held  telephones. 

There  are  still  further  ramifications. 
From  division  artillery,  for  instance,  two 
lines  must  go  to  each  of  its  tour  field  divi- 
sion artillery  battalions.  In  turn,  each  bat- 
talion must  have  wire  communication  with 
its  three  gun  batteries,  and  with  forward 
observers,  and  with  infantry  regiments. 

That  is  the  average  wire  requirement  of 
a  single  infantry  division.  Thought  of  in 
terms  of  all  divisions,  of  all  arms,  of  all 
theaters,  it  gives  some  understanding  of 
how  war  consumes  telephone  wire. 


Communications  materiel  at  an  overseas  supply  depot 


From   An  Injantry    Divtsio?i   Comma?id  Post,    Wires   Run    To  — . 


Each   of  three   infantry   regiments,   distance   5   to 

20  miles  each 
Division  artillery,  distance  2  to  15  miles 
Division  observation  post,  distance  5  to  20  miles 
Engineer  battalion,  distance  5  to  20  miles 
Ammunition    control    station,    distance    5    to    15 

miles 
Division  reserve,  distance  5  to  15  miles 
Right  flank  division,  distance  iK>  to  4  miles 
Rear  echelon,  distance  5  to  40  miles 


Through  rear  echelon  to  railhead,  distance  5  to 
20  miles 

Quartermaster  company — Signal  company — Ord- 
nance company — Medical  battalion — Traffic 
control   stations 

Attached  tank  destroyer  battalion,  distance  5  to 
20  miles 

Attached  anti-aircraft  liattalion,  distance  5  to 
15  miles 

Other  attached  units 
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Station  WAR 


The  War  Department  Signal  Center  is 
the  key  station  in  Army  Communications 
Service's  world-wide  system.  More  than 
9,000,000  words  of  war  flow  daily  through 
this  ultra-modern  center,  connected  by  wire 
with   military   installations   throughout   the 


United  States,  and  by  radio — through  giant 
remotely-controlled  transmitters  and  re- 
ceivers— with  all  overseas  theaters  of  op- 
erations. Shown  here  is  some  of  the  equip- 
ment which  permits  the  speedy  and  efficient 
handling  of  so  great  a  volume  of  messages. 
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Ma] or  General 
Harold  M.  McClelland 


II.   In  the  Air 

By  Major  General  Harold  M,  McClelland 

CHIEF  AIR  COMMUNICATIONS  OFFICER,  HEADQUARTERS 
ARMY  AIR  FORCES 


Development  of  the  many  types  of  Army 
Air  Forces  communications  facilities,  em- 
bracing radar,  radio,  telephone,  and  tele- 
typewriter, has  been  a  vital  factor  in  the 
development  of  our  air  superiority. 

From  the  beginning  of  the  war,  air  com- 
munications have  been  called  upon  more 
and  more  to  perform  such  vital  tasks  as 
guiding  our  aircraft  to  their  targets,  identi- 
fying those  targets,  locating  enemy  planes, 
and  supplying  our  aircraft  with  the  proper 
navigational '  aids  to  make  safe  returns  to 
their  home  bases.  Exploration  of  all  the 
ways  of  accomplishing  many  seemingly  im- 
possible tasks  has,  in  a  few  short  years,  de- 
veloped an  air  communications  system  un- 
equalled by  any  other  military  power. 

The  vast  communications  facilities  of  the 
Army  Air  Forces  encircle  the  world.  If 
they  were  visible,  they  would  appear  as  a 
great  web  around  the  earth.  Through  this 
system,  operational,  tactical,  and  admin- 
istrative information  is  sent  and  received 
by  our  innumerable  fighting  units. 


There  are  more  than  twenty  pieces  of 
communications  and  electronic  equipment 
in  a  single  heavy  bomber.  With  the  em- 
ployment of  special  devices,  our  forces  are 
capable  of  seeing  the  enemy  at  night  or 
through  clouds,  and  are  able  to  identify 
bombing  targets  even  in  the  worst  weather 
conditions.  Through  the  use  of  this  and 
other  early  warning  equipment,  our  forces 
are  alerted  to  the  opposed  planes  and  ships. 
This  integrated  communications  system  also 
distributes  weather  information  urgently 
needed  for  the  planning  of  all  air  opera- 
tions. 

In  the  Army  Air  Forces  more  than  400,- 
000  of  the  Army's  personnel  are  required 
for  the  operation,  supply,  maintenance, 
training,  procurement,  and  storage  of  this 
communications  equipment.  The  magnifi- 
cent skill,  effort,  and  loyalty  of  these  men 
and  women  are  attested  by  the  flight  of 
every  plane  that  cleaves  the  air  and  by 
the  achievements  of  the  AAF  in  every 
theater. 


•      • 


Army  Air  Forces  Communications 


Essential  to  the  operations  of  the  Army 
Air  Forces  are  electrical  communications: 
in  the  air,  on  the  ground,  and  between 
ji;round  and  air.  While  it  is  unlikely  that 
all  the  actions  depicted  below  would  ever 
take  place  within  view  of  a  sinj^le  observer, 
the  composite  sketch  illustrates  in  small 
compass  the  uses  of  many  of  the  important 
systems  of  communications  and  items  of 
equipment  which  contribute  to  the  military 
success  of  the  AAF.     Among  them  are: — 

Instrument  approach  system  for  aircraft 

Air-sea  rescue  communications,  for  the 
rescue  of  flyers  forced  down  at  sea 

Communications  and  radio  navigation 
for  airborne  landings 

Strategic  bombing  communications  with 
bomber  base  and  with  protecting  fighter 
escort 

Tactical  bombing  of  and  firing  on 
enemy  forces 

Control    by    radio   communications 
of  fighters  against  enemy  aircraft 


Long-range   radio  navigation  system   for 
the  use  of  aircraft  flying  great  distances 


Above:  Coordination  of  air  and  ground 
forces    at    the    front    is    often    accom- 
plished by  such  small  units  as  this 


Above:  Make-shift  facilities 
have  been  used  to  set  up  radio 
communication  quickly  at 
many  a  newly  won  airstrip. 
Riijht:  An  air  cooperation  in- 
stallation such  as  this  provides 
weather  information  and  di- 
rects air  support  during  an 
advance 


Army  Airways  Communications  System: 
Nerve  System  of  the  AAF 


The  U.  S.  Arm\  Air  Forces — among  other 
jobs — operate  the  world's  largest  air  trans- 
port system.  To  guide  the  planes  on  their 
courses  and  maintain  constant  contact  with 
them,  radio  highways  in  the  sky  stretch 
over  the  earth,  along  all  the  military  air 
routes,  and  right  up  to  the  battle  fronts. 
This  globe-encircling  network  is  operated 
by  the  Army  Airways  »Communications  Sys- 
tem. 

Many  thousands  of  men,  scattered  in 
I, OCX)  small  detachments  throughout  48 
states  and  55  foreign  countries,  operating 
millions  of  dollars'  worth  of  radio,  tele- 
phone, and  teletypewriter  equipment,  are 
required  to  perform  this  immense  task. 

Messages  concerning  aircraft  movements 
are  flashed   from  airbase  to  airbase,  never 


permitting  a  plane  to  come  in  "unan- 
nounced. ' 

AACS  point-to-point  stations  transmit 
weather  information  with  the  speed  of  light 
from  the  far  reaches  of  Greenland  or  the 
south  Pacific  to  the  stations  that  informa- 
tion affects. 

Position  reports,  radioed  to  AACS 
ground  stations  by  airborne  operators,  are 
quickly  relayed  to  the  ship's  home  base, 
where  a  constant  chart  is  kept  on  the 
plane's  progress. 

Hundreds  of  radio  ranges,  commonly 
called  "beams,"  and  homing  beacons  and 
other  electronic  navigational  aids  dot  the 
globe,  guiding  AAF  airplanes  through  fair 
weather  and  foul. 

AACS  men  sit  out  their  lonely  vigils  in 


It's  5,000  milc$  from  San  Francisco 
to  Saipan. 


Requisitions  for  planes  and  crews 
are  filed  to  the  United  States  from 
a  Pacific  base  over  the  operationa 
and    administrative    point-to-point 
circuits  of  AACS. 


(lirection-findin<j:  stations  scattered  in  re- 
mote areas,  not  only  to  plot  the  position  of 
some  lost  plane  but  to  keep  hourly  check 
on  flights  over  spots  once  regarded  as  the 
most  difficult  to  navigate. 

Instrument-landing  crews  constantly  ad- 
just their  equipment  and  silently  "sweat  it 
out"  as  a  plane  breaks  through  the  overcast 
over  the  runway,  guided  to  earth  by  the 
radio  paths  transmitted  by  their  equipment. 

The  men  of  the  Arm\  Airways  Commu- 
nications System  have  rewarding  knowl- 
edge of  airplanes  and  crews  saved  by  their 
communications  facilities,  as  well  as  of  the 
routine  and  uneventful  flights  which  build 
up  such  staggering  figures  as  these : — 

Every  15  minutes  a  military  plane  takes 
off  for  a  flight  across  the  Pacific.  Every  13 
minutes  one#takes  the  air  to  cross  the  At- 
lantic. Every  23/2  minutes,  during  peak 
traffic  periods,  a  cargo  plane  crosses  the 
fabulous  "Hump." 

If  all  the  radio  navigational  aids  op- 
erated by  AACS  were  placed  equidistant 
around  the  25,000-mile  girdle  of  the  equa- 


Ix  lonely  stations  such  as  this  in  the  China- 
Burma-India  theater,  AACS  men  keep  their 
vigils  the  world  around 


Weather  reports  come  from  Baf- 
fin Bay,  Dayton,  Attu,  Hawaii, 
Iwo  Jima,  and  many  another  dis- 
tant point  over  AACS  circuits  for 
the  pilot's  information  as  he  plans 
his  flight. 


An    AACS    maintenance    chief    checks    radio 
transmitters  at  a  busy  communications  center 


tor,  they  would  constitute  a  continuous  ra- 
dio highway  with  a  radio  range  or  homing 
beacon  every  8o  miles. 

Other  statistics  are  equally  impressive. 
More  than  300,000,000  words  a  month 
are   transmitted   by  point-to-point   stations. 


(jround  stations  make  more  than  50,000 
"contacts"  with  planes  in  Hight  each  day, 
and  control  tower  operators,  controlling 
landings  and  take-offs  at  air  bases  from 
Iwo  Jima  to  Paris,  made  more  than  4,000,- 
000  "contacts"  a  month. 

The  prime  function  of  the  Army  Air- 
ways Communications  System  lies  in  the 
provision  of  necessary  radio  facilities  to 
guide  aircraft  along  military  air  routes. 
Hut  it  is  not  all  uneventful.  Operating 
"JACSPAC,"  the  joint  communications 
system  for  the  Army  and  Navy  in  the  Pa- 
cific, AACS  detachments  have  put  equip- 
ment on  beachheads  while  shells  and  mor- 
tar fire  picked  at  the  ground.  During 
dozens  of  consecutive  amphibious  opera- 
tions in  the  Southwest  Pacifie,  AACS  men 
have  moved  in  under  fire. 

In  the  battle  of  the  Pacific,  with  its  long 
supply  lines  and  watery  air  routes,  it  would 
be  difficult  to  over-estimate  the  importance 
of  the  part  played  by  the  communications 
facilities  provided  by  the  Army  Airways 
Communications  System,  "the  nerve  system 
of  the  AAF." 


Communicating  with  the  pilot  by 
radio  telephone,  AACS  control 
tower  operators  at  busy  AAF  air 
terminals  around  the  world  direct 
the  landing  and  take-off  of  all 
planes. 


Ax  air-borne  radio  operator  keeps  in  touch  with  AACS  ground  stations  to  receive  weather 
information  and  report  the  plane's  position 


/ 


^ 


^ 


Once  away  from  the  airdrome 
control  zone,  the  pilot  is  in  con- 
tact with  ground-to-air  stations 
which  can  give  him  position  and 
weather  reports,  while  naviga- 
tional aids  provide  electronic  air 
tracks  and  serve  as  signposts  to 
pinpoint  islands. 


From  this  "elevated  foxhole"  on  top  of  Saipan  control  tower  the  men  controlled  the  take-offs 
and  landings  of  B-2gs  while  under  Japanese  fire 


In  huts  on  lonely  islands  and 
above  continental  beaches,  di- 
rection-finder operators  mon- 
itor the  plane's  radio  signals, 
and  each  files  the  plane's  bear- 
ing to  an  evaluation  station 
where  all  are  plotted  and  the 
craft's  position  is  determined. 
This  "fix"  goes  to  the  pilot  by 
radio  telephone,  and  to  the 
air  traffic  control  room. 


From  Burma  to  the  United  States,  the  men  at  the  AACS  control  towers  do  their  important 

jobs  under  all  sorts  of  conditions 


One  of  the  latest  electronic  aids 
to  air  navigation,  the  instrument 
landing  approach  system  guides 
the  pilot  "downstairs"  through 
"weather"  along  a  straight  ob- 
struction-free path  of  descent  to 
the  point  of  landing. 


At  the  end  of  the  flight,  as  at 
its  start,  the  AACS  control 
tower  operator  gives  the  pilot 
necessary  information:  correct 
order  of  landing,  wind  direc- 
tion and  velocity,  and  other 
facts  needed  for  the  safe  com- 
pletion of  the  trip.  As  the 
plane's  wheels  touch  the 
ground,  the  tower  operator  re- 
ports "time  of  landing"  to  air 
traffic  control. 


Twentieth  Air  Force  Communications 


When  the  bombardier  of  a  B-29  releases 
his  bombs  over  Tokyo,  this  fact  may  be 
known  at  the  Headquarters  of  the  Twen- 
tieth Air  Force  in  Washington  within  four 
minutes — so  swift  and  so  direct  is  the  com- 
munication between  the  planes  of  that  stra- 
tegic air  force  and  the  staff  group  which 
directs  its  operations  across  a  distance  of 
9,000  miles.  Organized  as  a  strategic  air 
force  operating  on  a  global  scale,  with  its 
central  headquarters  in  Washington,  the 
Twentieth  Air  Force  has  developed  its  ra- 
dio communications  system  to  cover  vast 
distances  at  high  speed :  point-to-point  from 
Washington  to  the  headquarters  of  the  XX 
and  XXI  Bomber  Commands  in  Asia  and 
the  Pacific ;  and  air-ground  between  the 
bases  and  the  B-29S — which  fly  the  greatest 
ranges  of  any  combat  aircraft  yet  devel- 
oped.    Through   these  communications   fa- 


The  stinger  in  the  tail  of  a  B-29 

cilities,  it  is  actually  possible  for  Twentieth 
Air  Force  Headquarters  to  extend  control 
of  operations  to  B-2gs  in  flight  upon  their 
mission  of  destruction  against  the  enemy. 
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Rear  Admiral 
Joseph  R.  Redman 


III.   ^t  Sea 

By  Rear  Admiral  Joseph  R,  Redma'i^   USN 

DIRECTOR,  NAVAL  COMMUNICATIONS 


In  the  Navy  we  have  a  particular  need 
for  a  reliable,  efficient,  and  lightning-fast 
system  of  communications,  because  our 
fighting  units  are  ever  mobile  and  must  be 
capable  of  operating  on  all  seas,  however 
remote.  That  is  why  radio  is  such  a  vital 
factor  in  our  communications,  and  why  the 
Navy  has  played  such  an  important  part  in 
pioneering  and  development  in  this  field. 

Between  Naval  shore  stations  and  ele- 
ments of  the  fleet,  radio  messages  are  trans- 
mitted which  concern  such  vital  matters  as 
grand  strategy  and  such  important  but  rou- 
tine affairs  as  supplies  and  personnel.  By 
radio,  an  admiral  has  control  of  the  dispo- 
sition and  tactics  of  the  units  of  his  fleet  at 
all  times.  Between  ships,  when  radio  sil- 
ence is  not  imposed,  flash  communications 
of  many  kinds.  Carriers  and  their  planes 
maintain  contact  by  radio.  Success  of  an 
amphibious  operation,  that  most  hazardous 
of  undertakings,  is  dependent  upon  the  co- 
ordination of  action  of  hundreds  of  vessels, 
obtained  largely  by  radio.     And,  once  the 


beach-head  has  been  won,  radio  provides 
the  link  between  the  invading  forces  and 
the  supporting  elements  off  shore.  Due  to 
the  speed  with  which  modern  naval  combat 
units  operate,  both  in  the  air  and  on  the 
surface,  there  is  such  a  heavy  demand  for 
radio  channels  in  mobile  operations  that  top 
priority  in  the  use  of  radio  spectrum  space 
is  required.  It  is  natural  that  this  speed-up 
of  mobile  operations  will  carry  over  into 
post  war  commercial  activities  when  similar 
spectrum  priority  will  be  needed. 

Proportionately,  voice  communication  by 
wire  telephone  is  less  used ;  yet  every  vessel 
has  its  own  system  or  systems  of  vital  inte- 
rior communication,  ranging  from  elabo- 
rate dial  installations  to  sound-powered 
telephones. 

All  these  modern,  highly  developed  meth- 
ods of  communication  contributed  much  to 
the  Navy's  share  in  the  defeat  of  Germany ; 
and  across  the  long  reaches  of  the  Pacific 
their  part  in  the  coming  victory  over  Japan 
will  be  impossible  to  over-estimate. 
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INDIAN  OCEAN 


SOUTH  PACIFIC  OCEAN 


MAJOR  POINT-TO-POINT  CIRCUITS  OF 


Fundamentals  of  Naval  Communications 


The  keynote  of  naval  warfare  is 
movement.  Naval  communications 
must  be  able  to  reach  any  point  on 
the  surface  of  the  earth  where  ships 
or  planes  may  go,  and  must  be  able  to  do 
so  at  all  times  without  prior  notice. 

The  solution  of  this  problem,  complicated 
enough,  is  made  infinitely  more  difficult  by 
the  necessity  to  conceal  the  location  of  the 
point  where  the  message  is  received.  Ap- 
paratus to  detect  the  location  of  radio  re- 
ceivers has  reached  a  high  degree  of  excel- 
lence and  counter-measures  must  be  equalh' 
good. 

The   entire   naval    organization    has   one 


purpose:  to  support  the  fleet.  The 
requirements  of  the  fleet  govern  the 
entire  set-up  of  Naval  communica- 
tions, the  design  of  equipment,  the 
uses  to  which  it  is  put,  and  the  location  of 
communication  centers. 

In  so  far  as  is  possible,  land  wires  are 
used  in  continental  regions. 

Full  advantage  is  taken  of  multiple- 
channel  improvements  as  these  are  devel- 
oped. Both  ashore  and  afloat,  teletype- 
writer instruments  are  used  whenever  pos- 
sible, and  their  numbers  are  increasing 
rapidly. 

Advanced      communications     bases     are 


SOUTH  PACIFIC  OCEAN 


THE  NAVAL  COMMUNICATIONS  SYSTEM 


placed  where  needed  to  facilitate  transmis- 
sion to  the  fleet,  wherever  it  may  be  op- 
erating. The  need  for  such  bases  some- 
times is  unforeseen,  due  to  the  mobility  of 
naval  warfare,  and  often  they  have  to  be 
established  at  short  notice. 

The  speed  of  communications  has  in- 
creased considerably  since  the  war  began. 
Research  has  produced  numerous  new 
means  of  electronic  communications  and 
has  found  new  uses  for  methods  already  in 
existence.  1  hese  are,  of  course,  highly 
secret  for  so  long  as  they  may  be  of  use  to 
an  enemy,  but  the  entire  world  will  bene- 
fit after  the  war  by  some  of  the  develop- 
ments introduced  in  Naval  communications 
to  meet  the  needs  of  the  service. 

These    new    means    of    communications 


have  had  a  direct  effect  on  the  conduct  of 
the  war.  To  a  considerable  extent,  it  is 
due  to  them  that  task  forces  and  fleets 
have  been  able  to  operate  at  sea  for  longer 
periods  and  at  greater  distances  from  bases 
than  had  been  possible,  or  than  is  possible 
now  for  the  enemy.  No  longer  must  the 
U.  S.  Navy  strike  and  then  return  to  base. 
As  the  chart  shows,  the  communications 
center  of  the  Pacific  at  present  is  Guam. 
Besides  the  official  messages  transmitted 
over  regular  service  channels,  the  news  of 
the  Pacific  war  reaches  the  people  of  the 
United  States  through  that  island.  Four 
voice  circuits  are  open  to  the  press  between 
Guam  and  the  United  States,  and  the  mes- 
sages sent  over  them  are  repeated  by  tele- 
typewriter to  insure  accuracy. 


Left:  Instant  tele- 
phone and  radio  com- 
munication is  essen- 
tial to  the  Navy's 
dramatic  air-sea  res- 
cue operations 


Below:  Part  of  the 
radio  transmitting 
installation  on 

Guam,    headquarters 
of    Naval    operations 
in  the  Pacific 


Stations  Ashore 


Ix  THE  European  phase  of  the  war  there  Naval    communications     men,     working 

were  existing  cables,  wires,  and   radio  in-  above  and  below  ground  from  New  Zea-    ^g 

stallations  which  might  be  utilized  ;  but  in  land  to  Alaska,  have  built  a  chain  of  sta-    ■[ 

the    Pacific,    most    of    the    communication  tions  which  now  approaches  Japan  itself, 
bases  have  had  to  be  built  from  the  ground  These  are  the  links  between  the  fighting 

up.  men  and  the  people  at  home. 


ElJX'TRKAi.  com- 
munications save 
Navy  outposts 
from  complete 
isolation  in  the 
bleak  Alaskan 
winter 


ARCTIC  OCEAN 


NORTH 


ATLANTIC 


OCEAN 


NAV\'  RADIO  BROADCASTING  STATIONS 

For  Silent  Ships 


Ships  of  the  Navy  must  receive  instruc- 
tions and  information  at  all  times,  but 
often  they  themselves  must  maintain  radio 
silence  for  days  and  weeks  on  end.  1  hey 
cannot  acknowledge  messages  received, 
however  important. 


For  such  circumstances,  flow  of  com- 
munications to  the  ships  must  be  absolutely 
sure. 

The  chart  above  indicates  the  network 
of  stations  which  provides  this  service,  one 
of  the  most  vital  to  the  Navw 
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PARADE  OF  POWER 

Aircraft  carriers,  battleships,  and  cruisers,  part  of  the  Third 
Fleet.     Below:  a  battlewagon  in  silhouette 


EARS  OF  THE  NAVY 

This  is  the  central  radio  receiving;  room  of  a  battleship 


Betw-een  Ships  at  Sea 


Between  ship  and  ship,  and  between  ship 
and  shore,  ordinary  radio  cannot  be  used 
for  considerable  periods,  to  prevent  the 
enemy  from  detecting?  the  location  of  forces 
afloat. 

Great   ingenuity   guards   the   secrecy   of 
communications  at  sea.     That  these  meth- 


ods are  effective  is  indicated  by  the  number 
of  times  that  the  enemy  has  been  surprised. 
Ultra-short  wave  is  used  for  tactical  con- 
trol of  ships. 

A  modern  carrier  has  lOi  radio  circuits, 
a  modern  battleship  77,  even  a  torpedo  boat 
has  seven. 


Telephones  and  louu 
speakers  are  vital  to  a 
carrier's  control  of  her 
planes.  Left:  In  the 
wheelhouse  of  a  PC 
boat 


Q  O 


On  Shipboard 


Telephones  aboard  ship,  vital  to  interior 
communications,  range  from  the  glamorous 
"Admiral's  phone"  to  the  multitude  of 
sound-powered  instruments  linking  action 
stations  and  command  positions. 

The  dial  system  of  a  battleship  is  simi- 
lar to  that  of  an\  large  city.  A  command- 
ing officer  may  be  instantly  in  touch  by 
telephone   with    any   of   his   staff.      Sound- 


powered  telephones,  besides  needing  no 
electrical  power,  provide  conference  com- 
munication :  for  example,  a  gunnery  officer 
can  speak  to  all  the  gun  crews  under  his 
control  simultaneously. 

A  single  battleship  requires  about  2.000 
instruments.  The  hand-sets  already  pro- 
duced for  the  fleet  approach  the  total  ci- 
vilian installations  of  Washington,   D.  C. 


Above :  Piping  the  crew- 
over  the  loud  speaker  sys- 
tem. Right:  A  chaplain 
describes  an  aerial  action 
to    the    ship's   companv 


Amphibious  Operations 


Communications  are  the  core  of  am- 
phibious operations.  It  is  necessary  for 
hundreds  of  surface  craft  and  aircraft  to 
perform  tasks  specified  for  each  on  a 
schedule  laid  down  to  the  minute,  and  this 
must  be  done  despite  weather  and  the 
enemy. 

All  forms  of  communications — electronic, 


visual,  and  voice — here  are  in  use  at  once 
in  a  small  area.  The  commander  afloat 
receives  exact  information  of  what  hap- 
pens on  the  beach  in  order  to  regulate  the 
conduct  of  the  operation,  the  control  of 
supporting  naval  gunfire,  and  the  order  in 
which  men  and  material  flow  into  the  ac- 
tion. 


Aboard  a  Coast 
Guard  vessel, 
communications 
men  keep  in  touch 
with  operations 
ashore.  Below: 
Marines  set  up 
radio  equipment 
on  a  recently  cap- 
tured beach 


These  Marines  are  awaiting  word 
that  another  telephone  line  is  hooked 
up  on  a  Pacific  island.  Right:  With 
his  handy-talkie,  this  Coast  Guards- 
man helps  control  traffic  to  and  from 
a  busy  island  beach 


PLANES  OF  "NATS" 
They  fly  precious  cargoes  far  over  lonely  waters 


Naval  Air  Transport  Service 


Thirty  days  after  Pearl  Harbor,  the 
Naval  Air  Transport  Service  began  with 
three  aircraft.  Today  nearly  450  planes 
move  high-priority  freight  and  personnel 
all  over  the  world. 

To  carry  out  this  task,  a  s\stem  of  com- 
munications is  vital,  and  xats  has  its  own 
which   has  grown   as   the   areas   of   combat 


have  spread.  It  must  be  possible  to  reach 
every  base  and  every  plane  at  all  times  over 
routes  which  cover  65,000  miles. 

Among  the  manifold  duties  of  the  Naval 
Air  Transport  Service  is  the  movement  of 
wounded  from  the  battle  zones  to  hospitals 
in  the  Pacific,  and  from  the  hospitals  to 
the  United  States. 


Waves  operate 
many  Naval  Air 
Station  control 
towers.  Left: 
bringing  the 
wounded  back  to 
hospital 
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Navy  Communications  Center 


Through  this  Navy  Department  com- 
munications center  passes  the  direction  of 
this  nation's  Naval  warfare.  It  is  the 
heart  of  all  Navi-  communications. 
1  hrough  it.  at  any  time  of  da\-  or  night. 


the  Navy  Commander  in  Chief  can  reach, 
directly  or  indirectly,  any  station,  any  offi- 
cer, any  vessel  in  any  part  of  the  world. 
More  than  5,000  Waves  are  assigned  to 
communications  work. 


Improvements  in  Speed  of  Service^  Accuracy^  Uniformity^ 

Dependability^  and  Economy  IV ill  Result  When  Toll  Calls 

Can  Be  Dialed  Straight  to  the  Called  Telephone 


Operator  Toll  Dialing — A 
New  Long  Distance  Method 

James  J.  Pit  Hod  and  Harold  L.  Ryan 


Within  the  next  several  years  fol- 
lowing the  end  of  the  war,  methods 
and  equipment  will  be  available  which 
will  enable  Bell  System  long  distance 
operators  to  dial  calls,  directly  and 
unassisted,  straight  through  to  the 
called  telephone  even  though  it  be 
at  the  other  side  of  the  continent. 
Assuming  the  completion  of  the  Sys- 
tem's local  dial  service  program  dur- 
ing the  next  decade,  this  means  that 
by  about  the  end  of  that  period  a 
call  from  any  telephone  in  the  Sys- 
tem may  reach  practically  any  other 
telephone  anywhere  in  the  country, 
swiftly  and  accurately,  through  the 
services  of  just  one  operator.  The 
plan  is  sufficiently  comprehensive  to 
provide  for  the  inclusion  of  offices 
of  independent  telephone  companies 
which  desire  to  participate. 

Two  developments  now  under 
way,  among  the  many  factors  in- 
volved in  a  project  of  such  impor- 
tance  and   great   scope,   will   be   the 


principal  contributors  to  the  accom- 
plishment of  System-wide  toll  dialing. 
One  of  these  is  a  new  system  of  toll 
dial  switching  equipment  which  func- 
tions, in  response  to  the  operator's 
dial,  with  uncanny  discrimination, 
accuracy,  and  capacity  for  perform- 
ing many  operations  economically. 
The  other  is  the  toll  dial  operating 
method  itself — of  which  an  impor- 
tant element  is  a  nation-wide  number- 
ing plan  which  may  be  universally 
used  by  all  outward  long  distance 
operators  to  complete  a  call  to  a  tele- 
phone reached  through  any  central 
office  connected  with  the  nation's  toll 
network. 

Operator  toll  dialing  offers  impres- 
sive opportunities  for  further  im- 
provement in  the  speed  of  long  dist- 
ance connections,  in  the  accuracy  and 
reliability  of  the  service,  and  in  over- 
all economies  of  operation.  To  ap- 
preciate how  long  distance  service 
will    go    ahead    in    the    next    several 
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Diagrammatic  representation  of  manual  toll  operation.     The  operators  in  different 
cities  are  linked  together  by  toll  circuits 


years,  it  may  be  helpful  to  recall  how 
far  it  has  come  in  the  last  twenty-five. 

Operating  Methods:   Past  and 
Present 

Twenty-five  years  ago,  the  ave- 
rage speed  of  service  on  long  dis- 
tance calls  was  14  minutes.  By  1940, 
the  year  before  the  war,  it  had  been 
reduced  to  1.4  minutes.  Along  with 
this  improvement  in  the  speed  of 
service,  clearness  of  transmission  has 
been  increased,  and  rates  have  been 
reduced  30  percent  on  the  average — 
and  more  on  the  longer  hauls.  In 
1920,  it  cost  $16.50  to  make  a  sta- 
tion-to-station call  from  New  York 
to  San  Francisco;  now  it  costs  $2.50. 

THE  SEPARATE    LINE   AXD 
RECORDING  METHOD 

In  1920,  the  System  was  almost 
wholly  manual,  and  long  distance 
calls  averaged  only  about  700,000  a 
dav.  In  making  a  long  distance  call, 
the  customer  lifted  his  telephone  re- 
ceiver and  asked  the  local  "A"  op- 
erator for  "Long  Distance."  She 
connected  him  with  a  toll  recording 
operator,  who  recorded  the  details 
of  the  call  on  a  toll  ticket  and  then 
said  to  the  customer,  "Thank  you. 
I  will  call  you." 

The  ticket  was  then  sent  bv  mes- 


senger— or  in  some  of  the  larger 
offices  by  pneumatic  tube — to  the  toll 
outward  operator.  She  picked  up 
the  customer's  line  through  a  "B" 
operator  in  the  local  office,  selected 
a  toll  line,  rang,  and — in  the  case  of 
a  switched  call — asked  each  succes- 
sive through  operator  for  the  called 
place  until  the  inward  operator  at 
the  terminating  point  was  reached. 
She  then  asked  the  Inward  operator 
to  connect  to  the  called  telephone, 
which  the  latter  did  through  the  local 
"B"  operator.  It  was  necessary  for 
the  outward  operator  to  remain  in 
on  the  connection  until  the  answer  at 
the  called  telephone  and  the  start  of 
conversation.  In  general,  the  estab- 
lishment of  a  two-switch  connection 
by  the  single  ticket  method  involved 
eight  operators  and  in  most  cases  a 
messenger. 

During  the  next  five  years,  largely 
through  more  adequate  circuit  and 
equipment  facilities,  better  mainten- 
ance, and  improvement  in  toll  office 
management,  the  time  required  to 
complete  connections  was  cut  ap- 
proximately in  half — from  14  to  7.3 
minutes. 

THE  COMBINED   LINE  AND 
RECORDING    METHOD 

CoN\KRSi()N    from  the  separate  line 
and   recording   method   of   operation 
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DiAGRAMMA  TIC  representation  ot  operator  toll  dialing.     The  eiiuipment  in  different 
cities  is  linked  together  by  toll  circuits 


to  the  combined  line  and  recording 
metliod,  commonly  called  "CLR," 
started  in  1926.  By  that  time  the 
conversion  of  manual  offices  to  dial 
was  well  under  way,  and  already  a- 
bout  15  percent  of  the  System's  tele- 
phones were  dial  operated.  By  1935 
thev  had  increased  to  nearly  50  per- 
cent, and  about  two-thircis  are  now 
dial. 

With  the  CLR  method  and  dial 
service,  the  customer  dials  a  code 
number  and  is  connected  directly  to 
a  toll  operator  who  combines  the  re- 
cording of  the  call  with  the  line 
work.  This  by-passes  the  local  "A" 
and  recording  operators  and  the  mes- 
senger. The  customer  is  held  at  the 
telephone  while  the  connection  is 
completed — or  the  first  attempt  is 
made — thus  avoiding  recalling  the 
customer.  As  under  the  former 
method,  the  line  operator  advances 
the  call  to  the  inward  operator  at 
the  called  place  and  the  latter  makes 
the  connection  directly  to  the  called 
telephone  by  dialing,  generally  with- 
out the  aid  of  the  local  ''B"  operator 
at  the  terminating  point.  Instead  of 
eight  operators  and  a  messenger,  as 
under  the  earlier  method,  only  four 
operators  are  concerned  with  the 
completion  of  the  connection  on  a 
two-switch  call.  The  reduction  is  due 
In  part  to  CLR  operation  and  In  part 


to  the  use  of  dial  central  office 
equipment. 

Along  with  the  Introduction  of  the 
CLR  method,  considerable  Improve- 
ment also  was  made  In  transmis- 
sion, and  the  number  of  switches  re- 
quired to  complete  calls  was  reduced 
through  the  introduction  of  the  Gen- 
eral Toll  Switching  Plan  and  the  pro- 
vision of  the  necessary  circuit  facili- 
ties to  make  It  operative.  This  plan 
set  up  eight  regional  centers,  at  New 
York,  Atlanta,  Chicago,  St.  Louis, 
Dallas,  Denver,  Los  Angeles  and  San 
Francisco — all  of  which  are  directly 
Interconnected.  To  these  regional 
centers  are  connected  some  140  pri- 
mary outlets  throughout  the  country, 
and  to  these  In  turn  are  connected  all 
the  rest  of  the  toll  centers — some 
2400.  This  makes  It  possible  to  com- 
plete a  call  from  any  toll  center  to 
any  other  toll  center  with  a  maximum 
of   four  switches. 

Extension  of  the  CLR  method, 
Improvement  In  transmission,  reduc- 
tion in  the  number  of  switches,  better 
toll  line  engineering  methods,  and  Im- 
proved central  office  procedures  for 
handling  calls  under  the  CLR  method 
had  resulted  by  1930  In  82  percent 
of  all  long  distance  calls  being  han- 
dled while  the  customer  remained  at 
the  telephone  and  in  improving  the 
speed  of  service  to  2.1  minutes.     The 
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public  response  to  these  service  im- 
provements was   immediate. 

The  period  from  1930  to  1935, 
the  depression  years,  was  utilized  to 
develop  to  a  high  degree  the  "know- 
how"  of  handling  toll  board  traffic; 
and  as  a  result,  by  1935,  92  percent 
of  the  calls  were  handled  while  the 
customer  remained  at  the  telephone 
and  with  an  average  speed  of  1.4 
minutes. 

Bv  1935,  also,  practically  full  ac- 
count had  been  taken  of  the  speed 
advantages  inherent  in  the  combined 
line  and  recording  method.  Although 
marked  improvement  was  made  be- 
tween 1935  and  1940  in  accuracy  and 
in  the  tone  and  manner  in  which  ser- 
vice was  rendered,  no  further  im- 
provement was  achieved  in  the  speed 
of  service. 

The  Toll  Dialing  Method 

Operator  toll  dL'\ling  is  already 
in  limited  operation,  more  than  130,- 
000  calls  a  day,  or  about  five  per- 
cent of  the  daily  2,700,000  toll  board 
calls,  being  handled  over  Bell  System 
lines  by  this  method. 

Briefly,  under  this  method  the 
customer  dials  the  usual  code  to 
reach  the  outward  toll  operator,  who 
in  turn  completes  the  call  to  the  dis- 
tant telephone  through  toll  dial 
equipment  without  the  assistance — in 
most  cases — of  another  operator. 
The  four  operators  Involved  in  the 
completion  of  a  two-switch  call  under 
the  CLR  method  would  thus  be  re- 
duced to  one  if  such  a  call  were  han- 
dled by  the  toll  dialing  method. 

With  this  method,  on  a  station-to- 
station  call,  the  toll  operator,  after 
dialing  the  necessary  codes  and  the 
called   number,   can   cut   out   of   that 


connection  and  proceed  with  other 
calls,  since  she  will  receive  a  signal 
when  the  called  telephone  answers  or 
another  signal  if  the  called  subscri- 
ber's line  is  busy.  If  the  circuits  are 
busy,  she  will  receive  a  signal,  and 
when  a  circuit  becomes  available  an- 
other signal  will  tell  her  to  dial  again. 
Provision  is  made  for  the  operator 
to  reach  toll  inward,  information, 
and  other  operators  if  their  assist- 
ance is  necessary  in  the  completion 
of  calls. 

Before  describing  in  detail  how 
long  distance  calls  will  actually  be 
handled  under  the  proposed  operator 
toll  dialing  method,  however,  it  will 
be  necessary  to  point  out  the  principal 
features  of  the  universal  numbering 
plan,  which  is  a  necessary  adjunct  of 
the  operating  method. 

THE    UN'IVERSAL   XUMBERIXG   PLAN 

Development  of  nation-wide  oper- 
ator toll  dialing  requires,  as  a  con- 
current step,  development  also  of  a 
nation-wide  numbering  plan  and  a 
simple  scheme  of  destination  codes 
for  being  able  to  reach  any  toll  center 
In  the  long  distance  network  and  thus 
any  central  office  and  any  telephone. 
Through  this  plan,  the  same  code  can 
be  universally  used  by  all  outward 
operators  for  reaching  any  particular 
office,  and  this  code  Is  passed  along 
by  the  equipment  and  re-used  at 
all  Intermediate  switching  points. 
(Shorter-haul  calls  will  continue  to 
be  completed  without  the  use  of  the 
national  toll  codes.) 

To  set  up  this  universal  numbering 
plan,  the  country  Is  being  divided  into 
from  60  to  75  numberlng-plan  areas. 
Each  of  these  will  be  designated  by 
a  distinctive  three-digit  code.     Each 
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office  within  an  area  will  be  desig- 
nated by  a  three-digit  office  code,  not 
conflicting  with  the  code  of  any  other 
office  within  the  area  nor  with  any 
area  code.  Thus  each  office  in  the 
country  will  be  assigned  its  own  dis- 
tinctive six-digit  code  made  up  of  a 
three-digit  area  code  and  a  three- 
digit  office  code.     In  order  to  make 


points  in  the  same  numbering  plan 
area,  the  area  code  will  not  be  re- 
quired and  only  seven  digits  need  be 
dialed.  Area  codes  will  contain  the 
digit  "i"  or  "o"  in  the  first  or  sec- 
ond place,  while  office  codes  will 
never  have  those  digits  in  the  first  or 
second  place.  This  enables  the  equip- 
ment to  recognize  from  the  first  two 


How  the  country  might  look  when  divided  into  approximately  60   areas  tor  the 

nation-wide  numbering  plan 


this  plan  truly  nation-wide  in  scope, 
provision  is  being  made  for  the  inclu- 
sion of  independent  telephone  offices 
where  desired  by  the  independent 
telephone  companies. 

Any  toll  call  can  be  completed  by 
dialing  a  maximum  of  10  digits:  the 
six  digits  of  the  area  and  office  codes 
and  the  four  digits  of  the  called  tele- 
phone   number.      On    calls    between 


digits  dialed  whether  a  lo-digit  inter- 
area  or  a  seven-digit  intra-area  call 
is  being  made. 

The  accompanying  map  illustrates 
how  the  country  might  be  divided 
into  areas  for  such  a  nation-wide 
numbering  plan.  It  will  be  noted 
that  the  boundaries  of  the  numbering 
plan  areas  generally  follow  state 
lines.     To  the  extent  that  it  is  feasi- 
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ble,  an  entire  state  will  be  included 
in  one  numbering  plan  area,  so  that 
the  operator  can  readily  associate  the 
numbering  plan  code  with  the  state 
name.  Examples  of  this  are  the 
States  of  Washington,  Maine,  Con- 
necticut, and  New  Jersey. 

The  larger  states,  such  as  New 
York,  Illinois,  Texas,  and  California, 
will  be  divided  into  two  or  more 
numbering  plan  areas  each;  and  in 
some  cases,  such  as  North  and  South 
Dakota,  it  will  be  possible  to  combine 
two  states  in  the  same  numbering 
plan  area. 

No  change  of  customers'  telephone 
numbers  nor  of  local  dialing  practice 
is  necessary. 

For  the  three-digit  office  codes 
which  designate  the  offices  within  a 
numbering  plan  area,  and  which  will 
be  non-conflicting,  the  first  two  letters 
of  the  community  or  office  name  plus 
a  numeral  will  generally  be  used. 
These  codes  are  for  the  use  of  toll 
operators  only.  For  the  seven-digit 
cities  with  two-letter  five-numeral 
numl^ering  plans  for  customer  use, 
operators  will  use  the  same  office 
codes  as  customers.  It  is  anticipated 
that  all  seven-digit  cities  will  be  on 
this  basis  by  the  time  the  new  routing 
system  is  widely  adopted.  For  six- 
and  five-digit  cities,  the  code  for  the 
use  of  toll  operators  will  be  the  exist- 
ing office  code  with  one  or  two  added 
digits.  For  four-digit  offices,  the 
code  will  be  three  added  digits. 

On  many  calls,  the  entire  routing 
code  can  be  derived  from  the  infor- 
mation furnished  by  the  calling  cus- 
tomer with  reference  only  to  very 
simple  code  information  on  the  bul- 
letin at  the  operator's  position.  For 
example,  on  a  call  from  Fargo,  North 
Dakota,    to    Newark,    New    Jersey, 


MArket  2-2100,  the  Fargo  operator 
would  determine  from  her  bulletin 
that  the  New  Jersey  code  is,  say,  312 
and  would  dial  312  followed  by  the 
listed  number  MA2-2100.  On  a 
call  to  Newark  from  Camden,  New 
Jersey,  both  of  which  are  within  the 
same  numbering  plan  area,  the  area 
code  would  not  be  required  and  the 
operator  would  simply  dial  the  listed 
number  MA2-2100. 

There  are  numerous  cities  located 
near  state  boundaries  which  have  close 
community  of  interest  with  places 
just  over  the  boundary.  Well-known 
examples  of  this  are  Philadelphia- 
Camden,  New  Jersey;  Detroit-Wind- 
sor, Ontario;  and  Washington-Alex- 
andria, Virginia.  Wherever  possible 
the  area  around  such  cities  will  be 
included  in  the  numbering  plan  area 
of  both  the  adjacent  states.  Cen- 
tral office  code  conflicts  in  the  adja- 
cent cities  will  be  eliminated  and  this, 
together  with  their  inclusion  in  both 
numbering  plan  areas,  will  make  it 
possible  for  operators  to  dial  across 
the  state  boundaries  without  the  use 
of  numbering  plan  area  codes.  With 
such  an  arrangement  an  operator  in 
Philadelphia  may  dial  a  number  in 
Camden  using  only  seven  digits,  but 
would  have  to  dial  ten  digits  to  reach 
a  Newark  number. 

HOW  THE   CALLS  WILL   BE 
DLALED   THROUGH 

Once  the  toll  dial  switching  equip- 
ment is  in  place,  and  the  universal 
numbering  plan  is  fully  in  effect,  just 
how  wmU  an  outward  toll  operator  go 
about  dialing  a  long  distance  call 
through  to  its  destination  anywhere 
in  the  country  ? 

A   call    from   Gettysburg,    Pa.,    to 
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P^rcsno,  Cal.,  ;i  three-switch  call,  will 
illustrate.  But  before  describing  a 
method  of  the  future  it  may  be  well 
to  re\-iew  the  present  method,  to  em- 
phasize the  contrast. 

Tlie  routing  ot  many  calls  across 
the  C()untr\'  inxolves  one  or  more 
switches  which  are  made  at  toll 
centers,    usually    primary    outlets    or      know  the  first  intermediate  point  to 


in  the  toll  routing  network  and  desif^- 
nated  as  Class    i    offices. 

Mach  central  office  in  the  country 
is  connected  to  a  toll  center,  which,  if 
not  one  of  the  325  Class  i  toll  cen- 
ters, has  direct  circuits  to  one  of  them. 
The  32^  Class  i  toll  centers  either 
havx'' direct  circuits  to  the  others  or 


Routing  a  call  from  Gettysburg,  Pa.,  to  Fresno,  Cal. 


regional  centers  which  have  been 
specially  designated  and  equipped  for 
this  purpose  in  accordance  with  the 
principles  outlined  in  the  General 
Toll  Sw^itching  Plan.  These  switch- 
ing points,  together  with  about  175 
additional  toll  centers,  making  about 
^25  in  all,  have  been  selected  for 
operating  purposes  as  the  key  points 


reach  in  the  direction  of  the  called 
place.  Therefore,  all  an  operator 
needs  to  know  to  route  a  call  is  the 
toll  center  serving  the  called  com- 
munity and  the  Class  i  toll  center 
through  which  its  inwarci  and  out- 
ward traffic  is  routed.  (Approxi- 
mately 80  percent  of  all  calls  are 
completed    over    direct    circuits    and 
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no  routing  information  is  required. 
Of  the  remainder,  about  17  percent 
are  one-switch  and  3  percent  are 
multi-switcli. ) 

Under  the  present  CLR  method  of 
operation,  wlien  a  customer  in  Get- 
tysburg places  a  long  distance  call  to 
Fresno,  the  Gettysburg  operator  goes 
to  the  routing  directions  and  finds 
that  Fresno  is  a  toll  center  and  that 
Los  Angeles  is  its  Class  i  office.  The 
Gettysburg  operator  reaches  Balti- 
more, which  is  its  Class  i  office,  and 
says  to  the  Baltimore  through  oper- 
ator, "Fresno,  Cal.,  via  Los  An- 
geles." Baltimore  says,  "I  will  give 
you  Pittsburgh,"  which  is  its  route 
to  Los  Angeles.  Reaching  Pitts- 
burgh, the  Gettysburg  operator  again 
asks  for  Fresno  via  Los  Angeles. 
Since  Pittsburgh  has  direct  circuits 
to  Los  Angeles,  the  next  office  an- 
swering will  be  Los  Angeles,  and  the 
Gettysburg  operator  will  then  ask  for 
Fresno,  and  when  Fresno  answers 
will  give  the  operator  there  the 
called  number. 

If  the  circuits  from  Baltimore  to 
Pittsburgh  are  busy,  an  alternative 
route  will  be  used,  the  Baltimore  op- 
erator saying,  "I  will  give  you  Cleve- 
land," and  the  advancement  of  the 
call  will  follow  the  procedure  already 
outlined. 

How,  THEN,  will  an  operator  com- 
plete so  long  and  relatively  complex 
a  call  at  some  future  time? 

In  order  to  have  the  necessary 
switches  made  at  intermediate  points 
under  the  nation-wide  operator  toll 
dialing  plan,  the  operator  needs  to 
know  only  the  area  and  central  office 
codes.  Since  Fresno  is  a  five-digit 
city,  the  national  toll  code  would  be, 
for  example,  514  for  the  numbering 


plan  area  and  37,  which  is  FR  on  the 
ilial,  added  to  the  five  digits  of  the 
listed  number,  making   10  in  all. 

Assuming  for  comparison  that  the 
future  routing  would  be  the  same,  the 
Gettysburg  operator  would  take  up 
a  circuit  to  Baltimore  and  dial  the  10 
tligits  into  sender  equipment  located 
at  Baltimore,  a  control  switching 
point.  (See  map  on  page  107.) 
Baltimore,  Pittsburgh,  Cleveland, 
and  Los  Angeles  are  control  switch- 
ing points  which  might  be  used  in  the 
completion  of  this  call.  The  equip- 
ment at  Baltimore  would  translate 
the  national  toll  code  and  determine 
that  the  first  route  is  via  Pittsburgh. 
It  would  select  a  Pittsburgh  circuit,  if 
one  were  available,  and  would  send 
along  the  entire  10  digits  dialed  bv 
the  Gettysburg  operator.  (Inciden- 
tally, the  pulsing  system  used  be- 
tween control  switching  points  will  be 
much  faster  than  the  step-bv-step 
pulses  generated  bv  the  operator's 
dial.) 

At  Pittsburgh  the  equipment  would 
select  a  Los  Angeles  circuit  but  would 
transmit  forward  onlv  the  Fresno 
central  office  code  and  telephone  num- 
ber, since  Fresno  is  in  the  same  num- 
bering-plan  area  with  Los  Angeles. 
If  the  Baltimore-Pittsburgh  circuits 
were  all  busy,  the  equipment  at  Balti- 
more would  automatically  try  the 
alternative  route  through  Cleveland 
and  the  Cleveland  equipment  would 
advance  the  call  to  Los  Angeles. 

At  Los  Angeles — the  last  control 
switching  point  assumed  here — the 
equipment  would  select  a  circuit  to 
Fresno  and  would  convert  the  pulses 
received  from  Pittsburgh  or  Cleve- 
land to  the  correct  number  of  step- 
by-step  digits  and  send  them  out  oveT 
the  circuit  to  control  selection  of  the 
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called  subscriber's  telephone  at 
Fresno. 

If  the  call  were  for  a  telephone 
served  bv  an  office  tributary  to 
Fresno,  the  operator  at  Gettysburg 
would  dial  10  digits  as  on  the  call 
to  Fresno,  but,  of  course,  with  a  dif- 
ferent office  code.  When  the  call 
reached  Los  Angeles,  the  equipment 
there  would  recognize  from  the  office 
code  that  the  call  was  for  a  tributary 
of  Fresno  and  would  prefix  to  the 
called  number  sent  out  over  the 
Fresno  circuit  the  necessary  digits  to 
perform  the  switching  operation  at 
Fresno. 

Present   Step-by  -  Step 
Toll  Dialing 

Operator  toll  dlalixg  will  ulti- 
mately work  throughout  the  length 
and  breadth  of  the  country.  But  be- 
fore discussing  the  equipment  through 
which  it  will  function,  it  is  necessary 
to  digress  here  for  a  moment  to  de- 
scribe a  method  of  operator  toll  dial- 
ing now  in  daily  use  over  limited 
areas,  and  to  point  out  why  new 
types  of  equipment  are  necessary  to 
expand  it  to  operate  on  a  System- 
wide  basis.  This  method  of  limited 
range  is  known  as  step-by-step  toll 
dialing. 

Many  hundreds  of  communities, 
small  and  moderately  large,  have  for 
years  been  furnished  local  telephone 
service  through  step-by-step  dial  cen- 
tral offices,  and  the  local  dial  equip- 
ment can  be  readily  adapted  to  fit 
into  the  new  toll  dialing  plan.  Grad- 
ually the  reach  of  the  dial  mechanism 
has  been  extended  out  to  neighboring 
towns  and  cities — even  to  those  at 
some  distance — and  today  operators 
are  dialing  toll  calls  over  step-by-step 
toll  dialing  networks  over  fairly  wide 


areas  in  Connecticut,  Ohio,  Michi- 
gan, and  other  places. 

In  brief,  the  operator,  after  receiv- 
ing from  the  customer  the  number  he 
wants  in  another  place,  takes  up  a 
circuit  to  the  called  place  and  dials 
the  called  number,  or,  in  the  case  of  a 
switched  call,  first  dials  a  code  to 
secure  a  circuit  to  the  point  beyond 
and  then  dials  the  called  number. 

For  example,  on  a  call  from  Mid- 
dletown  to  Columbus,  Ohio  (see  dia- 
gram on  page  rio),  the  operator  at 
Middletown  plugs  into  a  toll  circuit 
to  Columbus  in  her  multiple  and  dials 
the  Columbus  telephone  number  as 
listed  in  the  directory.  If  the  call  is 
to  Akron,  the  Middletown  operator 
likewise  plugs  into  a  circuit  to  Co- 
lumbus, but  dials  a  code  which  causes 
the  switches  at  Columbus  to  connect 
her  with  a  circuit  to  Akron  and  then 
dials  the  listed  number  at  Akron.  If 
she  were  authorized  to  dial  through 
to  Youngstown,  she  would  reach 
Akron  as  on  an  Akron  call  but  would 
then  dial  an  additional  code  to  reach 
Youngstown  and  then  the  Youngs- 
town listed  number. 

Obviously,  this  method  could  be 
extended  to  any  number  of  switches, 
transmission  permitting;  but  note 
that  each  switch  involves  the  dialing 
of  additional  digits  by  the  operator. 
On  a  three-switch  call,  as  many  as  16 
digits  might  have  to  be  dialed. 

Under  this  method  the  operator 
must  know  the  exact  route  and  must 
have,  before  she  starts  to  dial,  the 
codes  necessary  to  get  through  each 
of  the  switches  involved.  Moreover, 
if  the  circuits  at  any  point  along  the 
line  are  busy,  she  must  obtain  a  new 
set  of  codes  to  dial  in  order  to  try  an 
alternative  route. 
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Furthermore,    calls    from    step-by-  by-step  toll  dialing  networks  are  serv- 

step  points  cannot  be  dialed  into  the  ing    well     the    particular    needs    of 

large  cities  served  by  panel  dial  equip-  shorter-haul  traffic,  and  they  will  have 

ment   without   special    signal    conver-  other  counterparts  all  over  the  coun- 

sion    arrangements    in    those    cities,  try   among  communities   which   have 

Some  form  of  equipment  other  than  many   interests   in   common    and   will 

present     tvpes     of     step-by-step     toll  form   an   important   part   of   the   na- 

equipment  is  required  at  these  larger  tional  system. 
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A  DIAGRAM  of  the  Ohio  step-by-step  toll  dialing  network 


cities  if  advantage  is  to  be  taken  of 
possible  simplifications  in  coding  sys- 
tems and  operating  methods  and  if 
economies  in  trunking  arrangements 
are  to  be  realized. 

For  these  and  other  reasons,  step- 
by-step  toll  dial  equipment  alone  is 
not  practical  on  a  nation-wide  basis. 

None  the  less,  such  localized  step- 


Crossbar  Toll  S\cifchuig 
Rquipment 

Since  step-by-step  toll  dial  equip- 
ment alone  has  been  found  not  to  be 
adequate  for  a  nation-wide  toll  dial- 
ing system,  let  us  see  what  kind  of 
dial  equipment  will  accomplish  this 
much  desired  operation. 
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For  satisfactory  nation-wide  opera- 
tor toll  dialing,  it  is  obviously  neces- 
sary to  have  the  equipment  determine 
the  routing.  On  this  basis,  a  code  is 
assigned  which  represents  the  desti- 
nation of  a  call,  the  dial  equipment 
selects  the  route,  operates  switches  at 
intermediate  points,  tries  alternative 
routes  if  necessary,  and  completes  the 
connection. 

For  the  larger  places  the  No.  4  toll 
switching  system,  already  in  service 
in  Philadelphia,  will,  with  slight 
modifications,  be  adequate.  This 
system  permits  calls  originating  in 
surrounding  step-by-step  networks  to 
be  dialed  into  the  Philadelphia  panel 
and  crossbar  dial  offices  for  comple- 
tion or  to  be  routed  from  one  step- 
by-step  network  through  Philadel- 
phia  to  other  step-by-step  networks. 

This  new  system  utilizes  crossbar 
switching  equipment  and  is  of  the 
common  control  type,  providing  a 
high  degree  of  flexibility  and  speed  in 
the  handling  of  calls.  The  common 
control  equipment  enables  the  called 
number  to  be  registered  in  storing  cir- 
cuits, called  senders,  after  which  it  is 
analyzed,  or  "translated";  and  then, 
depending  on  the  destination  of  the 
call  and  the  type  of  switching  equip- 
ment which  will  be  called  upon  to 
complete  It,  a  choice  of  routing  and 
pulsing  is  automatically  determined, 
a  circuit  to  the  called  point  is  selected, 
and  the  signals  which  will  locate  the 
called  number  are  forwarded  to  the 
destination.  At  this  stage,  the  com- 
mon control  equipment  is  released, 
and  thus  becomes  available  for  han- 
dling other  calls.  The  equipment 
functions  as  an  outward  toll  tandem 
board,  an  inward  toll  board,  and  a 
through  switching  toll  board,  but  does 


not  replace  outward  positions  of  the 
present  type. 

For  busy  periods  when  toll  lines 
are  congested,  operators  are  located 
at  a  group  of  delayed-call  positions 
and  these  operators  can  complete  the 
calls  in  the  order  of  filing  as  circuits 
become  available. 

Important  transmission  improve- 
ments and  economies  are  obtained 
by  the  use  of  four-wire  switching 
through  the  equipment  and  the  auto- 
matic switching-in  of  repeaters  when- 
ever they  are  required. 

The  No.  4  equipment  can  receive 
the  called  number  in  terms  of  dial 
pulses  or  of  pulses  from  operators' 
key  sets.  For  inward  ringdown  or 
straightforward  calls  it  provides  posi- 
tions of  the  call-distributing  type  with- 
out cords  or  multiple  at  which  the 
operators  key  up  the  desired  number, 
thus  recording  it  in  the  sender  and 
permitting  the  completion  of  such 
calls  as  if  they  had  been  dialed  by  the 
outward  operator  at  the  distant  end. 
Completion  of  calls  through  any  kind 
of  dial  equipment  or  to  manual  of- 
fices is  provided. 

Experience  with  the  Philadelphia 
installation  demonstrates  that  this 
type  of  equipment,  with  appropriate 
modifications,  can  be  used  in  a  nation- 
wide operator  toll  dialing  system. 

While  the  present  No.  4  system  in- 
cludes most  of  the  features  required 
for  nation-wide  operation,  additional 
features  are  also  being  incorporated 
to  make  provision  for  selecting  the 
most  direct  route  to  a  distant  city.  It 
is  to  be  expected  that,  as  in  any  new 
enterprise,  continued  changes  will  be 
made  as  improvements  are  devised 
and  greater  experience  is  gained. 
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Transmissio?!  of  Signals 

From  the  description  of  the  new 
operator  toll  dialing  system  given  so 
far,  it  will  be  evident  that  the  long 
distance    transmission    and    reception 


These  signals  must  follow  the  gen- 
eral route  of  the  call,  but  need  not 
be  transmitted  in  all  cases  over  the 
same  circuits  on  which  the  conversa- 
tion takes  place.  In  some  cases,  di- 
rect current  circuits  will  be  used  be- 


Operators  in  distant 
cities  dial  into  "senders" 
which  control  the  con- 
nections through  the  No. 
4  toll  switching  system 


of  signals  or  pulses  will  be  an  impor- 
tant factor  in  selecting  toll  circuits, 
establishing  connections,  and,  finally, 
in  giving  the  outward  operator  super- 
vision of  both  ends  of  the  connection. 
Arrangements  must  also  be  made  for 
the  disconnection  of  circuits  at 
through  switching  points  under  the 
control  of  the  outward  operator. 


tween  cities,  but  for  the  longer  dis- 
tances it  is  expected  to  employ  voice 
frequency  or  carrier  circuits. 

In  any  event,  the  technique  of  long 
distance  transmission  of  telephone 
and  telegraph  currents  which  has 
been  so  extensively  developed  in  this 
country  will  play  a  most  important 
part  in  the  extension  of  toll  dialing. 
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Building  on  the  General  Toll 
Switching  Plan 

The  references  already  made  to 
the  General  Toll  Switching  Plan  em- 
phasize the  importance  of  its  part  in 


at  least  one  regional  center.  All  re- 
gional centers  are  interconnected  with 
each  other,  and  it  will  be  evident, 
therefore,  that  a  call  from  a  toll  cen- 
ter at  one  end  of  the  country  to  a  toll 
center  at  the  other  end  would  as  a 


Connections  are  estab- 
lished on  a  four-wire 
basis  through  the  noble 
metal  contacts  of  cross- 
bar switches  in  the  No. 
4  toll   switching  system 


the  development  of  nation-wide  toll 
dialing. 

This  plan  provides  the  basic  rout- 
ing arrangements,  under  existing 
methods  of  operation,  for  all  calls 
which  require  one  switch  or  more  at 
intermediate  points.  Each  toll  cen- 
ter is  connected  to  a  primary  outlet 
and  each  of  the  latter  is  connected  to 


maximum  require   four  switches  and 
be  routed  as  follows: 

Toll  Center  to  Primary  Outlet 
to  Regional  Center  to  Regional 
Center  to  Primary  Outlet  to 
Toll  Center 

Fewer  switches  would  be  required  in 
practically  all  cases  because  the  eco- 
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nomical  design  of  the  toll  plant  has  to   such    equipment.      The    remaining 

resulted  in  the  establishment  of  direct  toll  centers  may  have  step-by-step  toll 

circuits  between  many  points  at  great  equipment    or    a    simplified    form    of 

distances  from  each  other  and  thereby  crossbar  toll  equipment. 

provided     more     direct     routes     not 

requiring      so      many      intermediate  ^  ]^o,i,^  ^f^i^^  Ahead 

switches. 

The  General  Toll  Switching  Plan  WniLK  complicated  central  office 
forms  a  firm  foundation  on  which  to  mechanisms  are  required  at  "control 
build  the  extension  of  toll  dialing,  switching  points"  to  make  operator 
Using  this  plan,  with  the  major  toll  dialing  possible  on  a  country- 
switching  points   already   established  wide  basis,  it  is  apparent  that  from 


Cordless  positions  for  setting  up  calls  from  cities  not  yet  arranged  for  toll  dialing 


for  manual  operation,  it  appears 
practicable  to  locate  crossbar  switch- 
ing systems  providing  the  features 
necessary  for  "control  switching 
points"  at  important  switching  cen- 
ters, including  the  present  regional 
toll  centers  and  most  of  the  present 
primary  toll  outlets.  Thus  provision 
of  "control  switching"  equipment  at 
not  more  than  150  points  will  be  ade- 
quate to  give  every  outward  operator 
in  the  2400  toll  centers  direct  access 


the  operating  standpoint  this  method 
of  handling  long  distance  calls  is  sim- 
ple in  the  extreme.  Its  advantages 
have  been  implied  throughout  this 
discussion;  they  may  be  summarized 
briefiy  thus : 

I.  By  1940,  a\erage  speed  of  serv- 
ice on  all  Bell  System  long  distance 
calls  had  been  brought  down  to  1.4 
minutes  with  an  average  of  about 
three  minutes  on  multi-switch  calls. 
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With  toll  dialing,  the  speed  on 
niulti-switeh  calls  is  expected  to  be 
close  to  that  of  direct-circuit  traffic 
and  the  average  speed  about  one 
minute. 

2.  The  service  will  be  more  ac- 
curate and  less  subject  to  interrup- 
tions and  cut-offs. 

3.  The  service  will  be  more  uni- 
form and  dependable,  since  fast  in- 
ward and  through  service  will  be 
available  twenty-four  hours  a  day 
to  the  full  extent  of  available  facili- 
ties. The  value  of  tiiis  in  peaks  of 
traffic  and  in  emergencies  during 
off-hours  is  apparent. 

4.  Fast  switching  will  reduce  hold- 
ing time,  and  automatic  alternative 


routing  will  make  more  routes  and 
circuits  available  for  a  given  call, 
thus  tending  to  make  more  efficient 
use  of  the  toll  circuit  layout. 

Among  the  Bell  System's  many  con- 
structive post-war  plans  for  develop- 
ing and  improving  tiie  nation's  tele- 
phone service,  the  provision  of  opera- 
tor toll  dialing  has  an  important 
place.  It  will  bring  to  the  country's 
telephone  users  a  faster,  more  effi- 
cient, more  dependable — and  there- 
fore more  useful — long  distance  serv- 
ice. Much  work  will  have  to  be  done 
in  the  years  immediately  ahead;  but 
accumulated  experience  and  the  pres- 
ent toll  plant  together  provide  a  sure 
foundation  on  which  to  build  the  bold 
new  structure. 


Without  continuous  technological  improvement  the 
Bell  System  would  not  have  been  able  to  give  an  adequate  or 
nation-wide  service,  even  if  it  would  have  been  able  to  give  any 
service  at  all.  And  without  continuous  technological  advance 
the  Bell  System  would  not  have  employed  much  of  anybody,  nor 
would  it  have  served  the  economy  and  speed  of  other  businesses 
so  that  they  would  employ  more  people.  And  without  con- 
tinuous technological  advance  there  would  not  have  been  either 
increased  values  or  reduced  rates  to  the  public,  and  certainly  no 
added  income  to  devote  to  increased  wages  for  the  employees. 

From  "The  Bell  Telephone  System/'  by  Arthur  W.  Page,  Vice 
President,  A.  T.  iff  T.  Co.     Harper  £5  Brothers,  publishers,  i9.fl. 


As  the    IVa?'  against  Japan    Gains   in    Power^    Increased 

Activity  on  our  Western  Shores  Bri?igs  Greater  Problems 

to  the  Pacific  Telephone  and  Telegraph  Company 


The  West  Coast  in  the  War 


George  H.  Jess 


War  conditions  have  resulted  in 
many  unusual  telephone  construction 
and  service  problems  throughout  the 
territory  of  the  Pacific  Telephone  and 
Telegraph  Company.  The  telephone 
tasks  already  accomplished,  together 
with  the  amazing  changes  that  have 
taken  place,  make  the  period  dating 
from  the  Pearl  Harbor  attack  seem 
incredible — even  from  the  present 
perspective,  with  the  war  centered  in 
the  Pacific. 

The  Pacific  Company  with  its  sub- 
sidiaries, the  Southern  California 
Telephone  Company  and  the  Bell 
Telephone  Company  of  Nevada,  op- 
erates in  five  states:  California,  Ne- 
vada, Washington,  Oregon,  and 
Northern  Idaho.  The  plant  of  the 
company  was,  of  course,  designed  to 
meet  the  peace-time  needs  of  devel- 
oped areas.  And  in  this  western 
country  of  wide  open  spaces,  devel- 
oped areas  constitute  a  relatively 
small  part  of  the  territory  covered 
by  the  company's  operations,  which 
comprises    435,000    square   miles    or 


15     percent    of    continental    United 
States. 

When  war  came,  military  estab- 
lishments sprang  up  like  magic 
throughout  the  Coast,  without  con- 
sideration to  available  communication 
facilities.  It  followed  inevitably  that 
hundreds  of  miles  of  new  telephone 
construction  were  required  to  serve 
these  reservations,  stations,  camps, 
air  fields,  hospitals,  and  so  on.  And  11 
there  was  a  further  necessity  for  re- 
leasing large  numbers  of  vitally 
needed  toll  circuits  to  serve  the  Army 
and  Navy,  and  provide  private  line 
networks  for  tactical  operations. 

In  the  years  1942  and  1943,  there 
were  220  Army  camps  established  on 
the  Coast.  This  brought  to  332  the 
grand  total  of  camps  established  be- 
fore and  after  the  war  began.  The 
Navy,  at  the  same  time,  had  196  es- 
tablishments. There  were  also  117 
government-owned  war  industries 
adding  to  the  communications  re- 
quirements by  the  end  of  1944.  In 
the  early  part  of  1945,  the  telephone 
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company  was  serving  approximately 
100,000  private  branch  exchange  sta- 
tions in  these  installations. 

Between  June,  1940,  and  the  end 
of  1944,  almost  three  and  one-half 
billion  dollars  were  spent  on  the 
Coast     for     establishments     of     the 


Shipbuilding  rocketed  from  nine 
shipyards  in  1940,  producing  12,000 
deadweight  tons,  to  34  shipyards  in 
1944,  producing  6,300,000  dead- 
weight tons.  The  number  of  ships 
launched  on  the  Coast  in  1944  was 
equal   to  39   percent   of  the   nation's 


Heavy  industry  has  made  great  strides  and  great  contributions  since  Pearl  Harbor 


Army,  Navy,  and  war  industries. 
For  example,  aircraft  plants  in- 
creased from  nine,  with  a  production 
of  2,600  airplanes  in  1940,  to  ten 
major  plants  in  1944,  which  pro- 
duced 25,189  planes  during  that 
year,  or  26  percent  of  the  entire  out- 
put of  the  nation. 


output  of  maritime  ships  in  that  year. 
And  the  term  "maritime  ships,"  as 
used  here,  excludes  vessels  built  un- 
der contracts  with  the  Army  and 
Navy,  but  does  count  some  special 
ships,  such  as  LST  (Landing  Ship 
Tank). 

These     aircraft    and    shipbuilding 
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plants  employed  more  than  760,000 
people  at  the  end  of  1944,  and  they 
accounted  for  the  lion's  share  of  to- 
tal war  supply  contracts  on  the  West 
Coast  through  the  year  1944.  These 
contracts  through  the  year  1944 
amounted  to  over  twenty-two  billion 
dollars,  or  more  than  the  national 
debt  in  1932. 

This  large-scale  building  of  ships 
and  planes  caused  overnight  changes 


of  309  percent.  San  Diego  owes  its 
89  percent  growth  in  population  over 
the  four-year  period  to  Navy  activi- 
ties and  aircraft  manufacturing. 

This  big  growth  was  naturally  re- 
flected in  telephone  traffic.  In  San 
Diego,  the  four  years  saw  toll  calls 
soar  from  a  pre-war  figure  of  8,000 
daily  to  a  daily  average  of  more  than 
32,000  in  the  early  part  of  1945 — a 
300  percent  increase. 


Pacific  Coast  airplane  factories  produced  more  than  25,000  planes  in  1944 


in  many  towns  and  cities.  Typical 
communities  of  peace-time  America 
became  roaring  centers  of  war  pro- 
duction. Take  Richmond  and  San 
Diego  as  examples.  Richmond, 
which  during  March,  1945,  had  five 
major  shipyards  employing  approxi- 
mately 67,000  people,  grew  from  an 
industrial  city  of  30,000  in  1940  to  a 
war  center  with  a  population  of  122,- 
700  at  the  first  of  1945 — an  increase 


The  company  as  a  whole  handled 
about  290,000,000  toll  calls  in  1944: 
double  the  total  for  1940.  Calls  to 
places  outside  the  company's  terri- 
tory totaled  more  than  7,700,000; 
nearly  ten  times  the  volume  of  four 
years  ago. 

The  handling  of  this  telephone 
business  resulted,  as  might  be  ex- 
pected, in  correspondingly  rapid  in- 
creases in  the  traffic  forces.     Where 
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at  the  end  of  1940  there  were  14,000      Three  Major  Projects 
traffic  employees,  the  force  numbered 


ahiiost  24,000  at  the  end  of  1944. 
To  secure  this  gain  of  9,800  in  the 
four  years,  the  company  liired  and 
trained  more  than  60,000  people:  a 
commentary  on  the  problems  encoun- 
tered in  coping  with  added  volumes, 
inexperienced  personnel,  and  high 
turnover. 


'\\\v.  s!  rcAiioN  which  was  met  by 
the  company  is  well  illustrated  by 
three  major  projects  involving  gross 
construction  costs  of  $14,600,000. 

The  first  was  the  construction  of 
facilities  on  1,317  miles  of  route,  in- 
cluding 892  miles  of  new  pole  line, 
between     Southern     California     and 


At  the  end  of  1940,  the  company      Central     Washington.        This     was 


Last  year,  39  percent  of  the  nation's  new  maritime  ships  were  launched  on  the  Coast 


had  about  2,700  toll-center-to-toll- 
center  circuits.  As  of  December  31, 
1944,  there  were  more  than  5,000 
such  circuits — which  was  several  hun- 
dred short  of  meeting  requirements. 
The  growth  in  number  of  circuits  to 
the  East  has  been  the  most  spectacu- 
lar, increasing  from  184  at  the  end 
of  1940  to  690  at  the  close  of  1944; 
and  these,  too,  were  more  than  300 
short  of  requirements. 


known  as  the  "DBR— 1"  route. 

The  second  was  the  "Desert  Train- 
ing Project"  of  helping  to  provide 
communication  facilities  for  a  total 
of  approximately  360,000  Army  men 
trained  in  this  area,  beginning  with 
General  George  S.  Patton's  armored 
divisions  subsequently  used  In  the 
African  Invasion. 

The  third  involved  the  Pacific 
Company's  share  of  constructing"  the 
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transcontinental  cable.  Each,  in  turn,  along  the  route.  While  used  only  in 
was  characterized  by  Bell  System  part  for  its  primary  purpose,  this 
"know  how."  line  cast  of  the  Sierra  Nevada   and 

Cascade  ranges  provides  a  needed 
Katt  of  the  Ran^res  additional    toll    route    from    Central 

Washington  to  Southern  California, 
Construction  of  the  DBR-1  pole  and  has  helped  to  meet  the  unprece- 
line  was  described  in  a  recent  issue  of      dented  traffic  volumes  stimulated  by 

the  war.  The  line  cost  $5,600,000 
and  involved  about  900,000  man- 
hours  of  labor.  At  the  end  of  1944 
it  provided  in  the  neighborhood  of 
83,000  miles  of  telephone  circuits 
and  by  the  mid  March  of  this  year  it 
provided  101,000  miles  of  telephone 
circuits. 


Desert  Maneuvers 

The  story  of  wartime  telephones  in 
the  California  desert  for  Army  ma- 
neuvers is  unique  in  communication 
history.  When  General  Patton  ar- 
rived on  the  scene  in  March  of  1942, 
he  drew  a  triangle  on  a  map  and  said, 
"This  is  it."  A  week  later,  thousands 
of  troops  began  to  pour  into  the 
small  railroad  towns,  form  into  con- 
voys, and  disappear  in  the  desert. 

The  maneuver  area  covered  30,- 
000  square  miles — more  territory 
than  do  the  States  of  Massachusetts, 
Rhode  Island,  New  Hampshire  and 
Vermont  taken  together.  Several  of 
the  camps  were  established  50  or 
more  miles  from  the  nearest  town  or 
telephone  exchange.  Telephone  men 
on  occasion  had  to  drive  150  to  200 
miles  to  clear  a  single  case  of  trouble. 
A  round  trip  of  more  than  400  miles 
was  required  to  visit  the  three  toll 
offices  at  Blythe,  Needles,  and  White- 
water in  this  area.  Eleven  telephone 
buildings  were  built  there,  including 
the  toll  offices  and  four  repeater 
stations.      Thirty-seven    positions    of 


Prodigious   quantities  ot   lumber   from 

the   Pacific   Northwest   have   gone   into 

the  war 


this  Magazine,*  to  which  account 
may  be  added: — The  line  was  built 
in  collaboration  with  the  Army  to 
protect  coastal  communication  in  the 
event  of  enemy  attack  and  provide 
service     for     19    proposed    airfields 

*  Se;e    "Building    the    West's    New    Telephone 
Route,"  Magazine,  Winter  1944-45. 
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switchboard  were  installed,  50  pri-  perts  from  Riverside  and  Los  An- 
vate  branch  exchange  switchboards,  geles,  who  worked  around  the  clock, 
2,000  telephones,  more  than  50  pub-  installing  tie  trunks  and  other  modi- 
lie  telephones,  and  some  25,000  miles  fied  arrangements  to  link  the  mobile 
of  physical  and  carrier  circuits.  Gross  equipment  and  the  dial  system.  Less 
construction  for  the  project  amounted  than  48  hours  elapsed  before  Army 
to    $1,700,000,    and     175,000    man-  personnel  were  operating  the  board 


hours  went  into  the  job. 

Troops  began  to  pitch  tents  at 
the  base  camp,  later  named  "Camp 
Young,"  the  first  week  in  April.  The 
nearest  Southern  California  Tele- 
phone Company  office  was  White- 
water repeater  station,  (iK^  miles 
awav.  Other  "close"  telephone  neigh- 
bors, by  desert  distances,  were  the 
San  Bernardino  toll  office  of  the 
Southern  California  Telephone  Com- 
pany, 105  miles;  and  the  Thermal 
office  of  the  independent  Coachella 
Valley  Telephone  Company,  23  miles. 

Western  Electric  installers  moved 
into  the  camp  about  June  i,  the  day 
the  Army  contractor  completed  the 
building  to  house  the  dial  switching 
apparatus.  On  July  15,  the  400-line 
dial  system  was  placed  in  service,  and 
connected  with  a  distributing  system 
built  by  the  Southern  California  Com- 
pany, covering  eight  square  miles. 

Camp  Young  by  this  time  accom- 
modated 10,000  troops.  The  First 
Corps  was  just  getting  into  large- 
scale  maneuvers  when  the  order  came 
to  head  for  what  turned  out  to  be 
North  Africa.  The  Second  Corps 
poured  in  to  replace  the  departing 
outfit.  Huge  troop  movements  and 
almost  daily  refinements  in  plans  cre- 
ated an  avalanche  of  traffic.  The 
Army  switchboards  at  the  camp  w^ere 
supplemented  by  a  mobile  switch- 
board rushed  by  the  company  from 
Los  Angeles. 

Next  arrivals  were  equipment  ex- 


under  the  instruction  of  two  women 


New  plants  have  been  constructed  for 

the   production    of   loo-octane    aviation 

gasoline 


traffic  supervisors. 

Many  new  telephone  pole  lines 
were  built.  By  late  October,  a  re- 
peater station  had  been  completed  at 
Thermal,  and  the  Whitewater  toll 
office  was  opened  to  serve  Camp 
Young.  The  mobile  switchboard 
moved  out,  its  work  well  done. 
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Shelters  for  outdoor  telephone  booths  at  Army  camps  were  built  to  give  some 
protection  agamst  the  intensity  of  desert  weather 


A  "public  telephone"  trailer  was  used  at  times  in  various  localities  to  provide  or 
supplement  service  tor  the  men  in  camps 


^^£l' 
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Another  phase  of  the  project  was  tablets  were  taken  to  maintain  bal- 
the  construction  of  many  difficult  tele-  anced  body  chemistry.  The  supreme 
phone  lines,  handled  by  a  selected  test  came  in  September,  when  the 
crew  of  the  Southern  California  Tele-  crews  dropped  everything  to  do  a 
phone  Company.  This  work  in-  special  piece  of  work  for  the  Signal 
eluded  a  65-mile  aerial  cable,  40  Corps,  just  before  the  first  large- 
miles  of  underground  cable,  and  turn-  scale  maneuvers.  Some  170  route 
dreds  of  miles  of  open  wire.      Many  miles  of  telephone  facilities  had  to  be 


A  Signal  Corps  officer 
and  a  telephone  com- 
pany construction  su- 
perintendent review  the 
day's  work.  During 
much  of  the  desert  job, 
telephone  men  and  Army 
men  worked  side  bv  side 


of  these  new  facilities  were  placed  on 
poles  of  the  two  transcontinental 
lines  traversing  the  region,  but  man\' 
miles  of  new  poles  were  also  set. 

In  the  midsummer  heat,  the  work- 
ers  donned   heavy   gloves   to   handle 


constructed  by  and  for  the  Army 
throughout  the  training  area.  Fifty- 
three  miles  of  pole  line  were  con- 
structed by  the  Army  and  117  miles 
bv  tlie  telephone  company. 

The    three    hottest    weeks    of    the 


blistering-hot   tools   and   wires.      V.x-      year  saw  the  telephone  men  working 
erybody    wore    dark    glasses.       Salt      ten  hours  a  da\',   in  deep  sand  navl- 
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gable  only  by  tanks  and  half-tracks, 
and  through  mountains  where  the 
holes  for  setting  poles  frequently 
required  dynamite  blasting.  The 
crews  strung  1,400  circuit  miles  of 
wire,  set  1,000  poles,  and  installed 
1,500  crossarms. 

Maximum   use   was   made   of   car- 


positions.  About  115  operators  were 
required.  Women  throughout  the 
Southern  California  Company  terri- 
tory volunteered  for  the  assignment 
and  were  stationed  at  Whitewater, 
Blythe,  and  Needles. 

The  typical  Army  division  camp  in 
the  desert  was  of  the  "rag"  variety. 


An  Armv  jeep  accompanies  these  telephone  trucks  with  their  reels  of  wire 


rier  systems  to  conserve  copper.  At 
Whitewater,  for  example,  carrier 
equipment  was  increased  300  per- 
cent. Soon  the  station  had  20  re- 
peatermen,  as  compared  with  12  be- 
fore the  rush  began.  The  heavy 
traffic  also  created  an  immediate  need 
for  women  to  operate  new  toll  board 


consisting  of  tents — and  no  improve- 
ments. The  soldiers  lived  a  life 
duplicating  the  conditions  they  would 
find  overseas.  At  any  given  time, 
there  were  more  than  100,000  troops 
to  direct,  transport,  hospitalize,  feed 
and  clothe  independently  of  normal 
supply  channels;  for  the  training  was 
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on  the  basis  of  actual  war  conditions, 
thousands  of  miles  from  home.  Wire 
communications  were  essential  in  ef- 
fecting coordination. 

The  wire  communications  were  es- 
sentially a  private  line  network  prin- 
cipally for  intra-commimication  in  the 
desert.     While  the  extent  of  the  net- 


several  networks  serving  many  pri- 
vate-line teletypewriters.  Augment- 
ing other  means  of  communication 
with  the  outside  world,  the  Army 
used  several  teletypewriter  exchange 
services. 

The    maneuvers    called    for    most 
unusual  telephone  arrangements,  and 


A  TELEPHONE  construction  camp  in  the  Army  maneuver  area  of  the  California  desert 


work  varied  from  week  to  week,  it 
was  normally  composed  of  about  3,- 
000  miles  of  Bell  System  channels 
and  some  2,000  miles  of  Army  cir- 
cuits. There  were  100  long  haul 
circuits,  all  interconnectable.  Paral- 
leling the  telephone  network  con- 
necting several  Army  locations  were 


on  short  notice.  Frequently  a  com- 
plete rearrangement  of  circuits  had 
to  be  made  in  less  than  eight  hours. 
It  was  not  unusual  to  establish  new 
circuits  and  reroute  existing  circuits 
within  the  hour.  In  the  "free"  ma- 
neuvers, where  troops  in  the  field  op- 
erated   on    battle    problems    without 
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outside  direction,  the  telephone  com-  to   70  stations   for  the   entire   desert 

pany  provided  camp  telephone  man-  area. 

agers  to  assist  Corps  Signal  Officers  This     sparseness     of     public     tele- 

for  each  "side"  in  the  battle.     These  phones  was  due  to  the  fact  that  the 

telephone  men  moved  with  the  Army  circuits  were  required  for  Army  calls, 

in  tile  field.  Out  of  33  talking  channels  on   lines 

Throughout    the    desert    activity,  between     Camp     Young     and     Iron 

the   question   of   "How   many   public  Mountain,    for   example,    only    three 


Their  day's  work  com- 
pleted at  the  Whitewater 
toll  office  at  the  edge  of 
the  desert,  these  opera- 
tors are  being  taken  to 
a  hotel  at  Banning  leased 
for    dormitory    purposes 


telephones  are  needed?"  was  always 
current,  but  the  real  question  was, 
"Can  we  furnish  any  at  all?"  Nor- 
mally, 300  public  telephones  would 
not  have  been  considered  too  many. 
But  only  by  using  the  utmost  ingenu- 
ity were  the  company's  camp  tele- 
phone managers  able  to  establish  50 


were  available  for  personal  calls. 
And  along  this  line  during  the  sum- 
mer of  1943  there  were  60,000  men 
waiting  to  call  outside.  It  was  ar- 
ranged to  increase  the  number  of  cir- 
cuits available  for  soldiers'  personal 
use  by  routing  all  calls  through  the 
Army    switchboards,    so    that    when 
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mantled  and  moved,  switchboard  and 
all,  over  200  miles  to  Chula  V'ista, 
near  San  Diego,  where  it  is  again  a 
"hot  spot"  of  war  calls. 


official  calls  slacked  off,  the  men 
could  place  calls  direct  with  the  long 
distance  operators.  By  this  means, 
a  camp  having  three  to  six  adminis- 
trative lines  could  Increase  the  num- 
ber of  public  telephones  by  that  InstaUiug  the  TC  Cable 
amount.      At    Camp   Coxcomb,    with 

20,000  men,  located  75  miles  from  The  third  big  job  was  the  Pacific 
the  nearest  town,  two  public  tele- 
phones handled  1,000  calls  in  a 
month.  A  trailer  installation  else- 
where handled  6,000  calls  in  two 
months.     This  was  typical. 

THf:RE  WERE  a  lot  of  "headaches" 
in  keeping  the  public  service  operat- 
ing smoothly,  but  the  telephone  peo- 
ple did  their  best,  and,  with  the  co- 
operation of  the  Signal  Corps,  turned 
out  a  fine  piece  of  work.  The  desert 
heat  caused  unusual  service  problems. 
Handkerchiefs  had  to  be  used  to 
hold  the  receiver.  There  was  no 
shade  for  booths,  and  they  rested  on 
sizzling  ground.  There  were  no 
long  conversations !  The  paint  on 
one  batch  of  booths  was  ruined  by 
the  heat  within  24  hours  after  ar- 
rival. Lean-to  shelters  were  built 
to  shade  the  booths,  shelter  walls 
erected  against  ciesert  blasts,  and 
floors  Installed.  With  these  improve- 
ments, a  man  could  wait  or  telephone 
without  either  frying  or  freezing. 

Once,  when  telephone  men  went  by 
truck  to  recover  two  booths  from 
what  was  reported  to  be  an  aban- 
doned camp,  they  found  another 
Army  outfit  had  moved  In.  The 
men  were  using  the  booths  as  prized 
shower  stalls. 

Today,  a  majority  of  the  desert  lo- 
cations which  were  so  active  in  the 
early  days  of  the  war  have  returned 
to  wilderness.     The  entire  telephone  ^       ^     .       .       .    ^  .         ,  ^  , 

,      .,  J.  r>i      1  1         J-  *  See    Engineering  the  Transcontinental   1  ele- 

buildmg    at    Blythe    was    recently    diS-       phone  Cable,"  Magazine,  November  1941. 


Tractor  and  rooter  clear  a   furrow  tor 
the  transcontinental  cable  up  a  steep  hill 


Company's  part  of  the  transconti- 
nental cable,*  Installation  of  which 
was  undertaken  to  provide  more  cir- 
cuits between  the  east  and  west  coasts 
in   anticipation   of   the   possibility   of 
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Clearing  the  right  of  way  for  the  transcontinental  cable  went  ahead  in  all  weathers 


The  Pacific  Company's  cable  train  plows  in  the  cable  west  of  Wendover,  Utah 
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war  with   Japan.      The   company,    in  tion  of  other  Associated  Companies 

cooperation  with  the  Long  Lines  De-  — enabled    the    Pacific    Company    to 

partment     and     other     Bell     System  muster  the  needed  material  and  per- 

Companies,    started    this   cable   work  sonnel    to   complete    the   jobs    in    the 

in  the  autumn  of    1940.     The  cable  shortest  possible  time. 


was   open    for   service   in    December, 

1942.  The  Pacific  Company's  and 
Bell  Company  of  Nevada's  share  in 
gross  construction  amounted  to  $7,- 
300,000  and  involved  500,000  man- 
hours  of  telephone  company  work. 
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Mud   fought  the  progress  of   the   cable 
train  in  some  localities 


The  combined  teamwork  of  the 
Bell  System — the  O.  &  E.  staff  of 
the  A.  T.  &  T.  Company,  the  manu- 
facturing and  supply  capacity  of 
Western   Electric,    and   the   coopera- 


Trenching     by     hand     was    sometimes 
necessary  in  rocky  terrain 


The  Pace  Accelerate 


Huge  population  shifts  within  the 
coastal  territory,  as  well  as  from 
other  parts  of  the  country,  created 
tremendous  demands  for  service, 
over  and  above  military  and  war  in- 
dustry demands.  As  of  May  i, 
1945,  the  Pacific  Company  had  256,- 
140    unfilled    applications    for    main 
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telephones;  and  187  central  offices 
designed  to  serve  1,000  or  more 
main  telephones  had  reached  their  ca- 
pacities— or  50  percent  of  the  total 
of    such    central    offices    which    serve 


in  the  midst  of  orange  orchards  in 
1942,  is  now  said  to  be  the  world's 
largest  producer  of  heavy  ammuni- 
tion. A  large  Navy  project  is  under 
construction  involving  an  investment 


about  96  percent  of  the  telephones  in      of    $30,000,000    and    emploving    al- 


the  Pacific  Company  system. 
The    acceleration    of    the    war 


m 


Splicers   of  the   Pacific   Company   and 
Long  Lines  make  the  final  splices  in  the 
transcontinental   cable   at   the   Nevada- 
Utah  state  line 


the  Pacific  theater  of  operation  con- 
tinues. Big  installations  are  still 
very  much  in  the  present  tense.  For 
example,  the  Kaiser  steel  mill  at  Fon- 
tana,  California,  which  was  set  down 


most  9,000  people. 

With  V-E  Day,  the  entire  might 
of  America's  war  effort  turned  west- 
ward, and  the  Pacific  Coast  acceler- 
ated its  already  fast  pace.  It  fol- 
lows that  the  telephone  company  will 
meet  increased  service  demands.  The 
coast,  with  40  air  bases  suitable  for 
training,  is  a  logical  location  for  the 
re-assembly  of  air  forces  from  the 
European  theater.  Shipments  of 
men  and  materials  will  logicallv  in- 
crease from  coast  ports,  staging 
areas,  and  embarkation  points. 

The  telephone  company's  construc- 
tion program  for  1945  contemplates 
the  installation  of  central  office  equip- 
ment, private  branch  exchange  switch- 
boards, and  other  equipment  on  sub- 
scribers' premises;  and  exchange  and 
toll  lines  to  serve  the  growing  needs 
within  our  territory  to  the  extent  that 
material  and  manpower  are  available. 

These  are  some  of  the  highlights 
of  the  situation  on  the  Pacific  Coast. 
The  telephone  company  has  a  definite 
problem,  calling  for  continuous  and 
effective  action  in  promptlv  providing 
necessary  facilities  and  services.  In 
addition  to  the  materials  and  man- 
power necessary  for  carrving  out  the 
required  construction  to  provide  for 
the  growth  of  this  business,  addi- 
tional traffic  operating  emplovees  are 
needed  to  handle  the  increasing  num- 
ber of  local  and  toll  and  long  dis- 
tance calls. 

The  prov'ision  of  the  necessary  ad- 
ditional facilities  and  employees  will 
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be  a  stupendous  task.     In  all  of  the  through  the  aid  and  assistance  of  the 

forward  march,  shoulder  to  shoulder,  centralized  staff  and  the  other  Asso- 

the   Pacific  Company  and   its   people  ciated    Companies,    this    fine    record 

have  every  faith  and  confidence  that,  will  be  maintained. 


Who's  Who  &  What's  What 
in  This  Issue 


The  willing,  courteous,  and  effective  as- 
sistance of  many  members  of  the  Army  and 
Navy,  of  all  ranks,  is  evident  in  the  sec- 
tion of  this  issue  dealing  with  Electrical 
Communications  in  IVorld-ivide  Warfare. 
Without  their  aid  and  counsel  the  neces- 
sary information  could  not  have  been  com- 
piled nor  the  photographs  obtained.  And 
since  it  is  not  practicable  to  make  acknowl- 
edgment here  to  so  many  individuals,  the 
editors  express  in  this  fashion  their  sincere 


thanks  and  appreciation  to  all  those  in  the 
Services  whose  help  has  made  possible  so 
unusual  a  feature  in  these  pages. 

Neither  is  it  feasible  to  give  "credits"  in- 
dividually for  so  many  photographs.  They 
were  secured — with  a  few  exceptions — 
from  the  Army's  Bureau  of  Public  Rela- 
tions, the  Signal  Corps,  the  Army  Air 
Forces,  the  Navy,  the  Marine  Corps,  and 
the  Coast  Guard.  They  give  abundant  evi- 
dence of  the  splendid  work  of  the  Services' 


James  J.  Pilliou 


Harold  L.  Ryan 


George  H.  Jess 
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photographic  sections  in  making  a  pictorial 
record  of  every  aspect  of  this  war. 

It  is  a  startling  picture  of  long  distance 
service  in  the  not  too  remote  future  which 
James  J.  Pilliod  and  Harold  L.  Ryan 
paint.  As  assistant  chief  engineer,  and  as- 
sistant vice  president  in  charge  of  the  traf- 
fic division,  respectively,  of  the  A,  T.  &  T. 
Company's  Department  of  Operation  and 
Engineering,  they  are  in  key  positions  to 
discuss  the  equipment  and  methods  which 
will  make  operator  toll  dialing  possible  on 
a  nation-wide  basis,  and  the  improvements 
in  service  which  will  come  with  it. 

Starting  with  the  Long  Lines  Depart- 
ment in  1908,  Mr.  Pilliod  had  become  by 
1914  its  division  plant  engineer  in  Chi- 
cago. In  New  York  since  1918,  he  had 
been  successively  the  Department's  engineer 
of  transmission,  engineer,  and  general  man- 
age before  transferring  to  his  present  post 


in  1943.  Mr.  Ryan's  Bell  System  career, 
entirely  devoted  to  work  in  traffic,  began 
with  the  New  England  Telephone  and 
Telegraph  Company  in  1920.  Transferred 
to  the  ().  &  E.  Department  of  A.  T.  &  T. 
in  1927,  he  was  traffic  results  engineer 
from  1940  until  his  present  appointment 
earlier  this  year. 

The  problems  which  the  war  brought  to 
telephone  people  on  the  Pacific  Coast  are 
vividly  set  forth  by  George  H.  Jess.  Be- 
ginning with  the  Pacific  Telephone  and 
Telegraph  Company  in  19 10  as  a  splicer's 
helper,  he  is  now  the  company's  operating 
vice  president.  In  the  intervening  35  years 
his  experience  has  ranged  from  lineman  to 
sales  representative  to  general  commercial 
manager  and,  just  previous  to  election  to 
his  present  position  in  1943,  assistant  vicr 
president  in  charge  of  operating  matters 
and  vice  president  and  chief  of  staff. 


Tonight  in  Maine  a  fisherman  is  listening  to  the  same 
music  you  are  hearing.  In  Wisconsin  a  farmer  tuned  in 
right  after  supper  and  is  hearing  this  program.  A  banker 
and  his  children  are  listening  in  Texas.  And  on  the  West 
Coast  a  wounded  seaman,  just  back  from  the  Pacific,  will 
hear  it  on  a  bedside  radio  in  a  hospital. 

For  one  of  the  things  radio  has  done  is  to  bring  the 
beauty  and  solace  of  the  world's  great  music  to  all  people 
in  all  places.  Here  in  America  the  people  in  little,  out- 
of-the-way  spots  can  hear  and  enjoy  the  performance  of 
distinguished  artists  the  same  as  those  in  great  metro- 
politan centers.     There  is  no  remoteness  any  longer. 

Radio  and  telephony  combine  to  make  this  possible. 
Many  radio  stations  are  linked  together  for  a  network 
program  such  as  this — linked  by  telephone  wires  especially 
designed  for  the  transmission  of  music,  so  that  it  may  be 
sent  to  you  with  all  the  clarity  and  fidelity  of  tone  with 
which  it  is  produced  by  the  great  artists  who,  week  after 
week,  appear  in  our  studio. 

We  of  the  Bell  System  consider  it  a  special  privilege, 
in  times  like  these,  to  be  able  to  send  you  these  great 
artists  and  this  fine  music.  May  it  bring  to  all  of  you  a 
large  measure  of  enjoyment. 

From  a  "Telephone  Hour"  radio  broadcast 
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"  The  ideal  and  aim  oj  the  American  Telephone  and  TelegraphCompany  and  its  Associated 
Co7npanies  is  a  telephone  service  for  the  nation, free,  so  far  as  humanly  possible,  from 
imperfections,  errors,  or  delays,  and  enablirig  anyone  anywhere  to  pick  up  a  telephone 
and  talk  to  anyone  else  anywhere  else,  clearly,  quickly  and  at  a  reasonable  cost.'' 
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Published  for  the  supervisory  forces  of  the  Bell  System  by  the  Inforrnation  Department  of 
American  Telephone  and  Telegraph  Co.,  795  Broadway,  New  York  7,  A'^.  Y. 
Walter  S.  Gifford,  President;  Robert  H.  Strahan,  Secretary;  Donald  R.  Belcher,  Treasurer 


Who's  Who  &  What's  What 
in  This  Issue 


"Bell  System  post-war  plans  constitute  a 
dynamic,  forward-looking  program.  They 
can  be  carried  out  if  earnings  are  main- 
tained sufficiently  high  to  attract  from  in- 
vestors the  money  to  build  the  new  im- 
proved plant  that  will  be  needed.  This 
will  make  plenty  of  jobs,  better  service,  and 
more  service.  The  people  who  provide  the 
service,  the  people  who  use  it,  and  the  pub- 
lic authorities  who  regulate  it  have  coop- 
erated in  the  past  to  make  possible  the  tre- 
mendous improvements  already  accomp- 
lished, and  there  is  every  reason  to  believe 
that  they  will  continue  to  make  possible 
reasonable  earnings  which  will  insure  the 
best  service  in  the  future."  So  may  be 
summarized  the  article  by  Leroy  A.  Wil- 
son, A.  T.  &  T.  Vice  President  charged 
with  responsibility  for  business  research 
and  studies  of  Bell  System  revenue  require- 
ments. Entering  the  Indiana  Bell  Tele- 
phone Company  as  a  traffic  student  in 
1922,  he  was  a  district  traffic  chief  and  a 
district  traffic  superintendent  there  until 
iq2g.      In   that  year  he  joined   the  traffic 


division  of  the  Department  of  Operation 
and  Engineering  of  A.  T.  &  T.  as  an  en- 
gineer, later  becoming  a  group  head  in 
that  division.  In  1939  he  transferred  to 
the  commerical  division  of  the  O.  &  E. 
Department,  where  he  was  successively  di- 
rectory engineer,  rate  engineer,  commercial 
engineer,  and  assistant  vice  president  until 
assuming  his  present  office  a  year  ago. 

Several  days  spent  in  the  stimulating  at- 
mosphere and  humming  tempo  of  Western 
Electric's  Hawthorne  Works  so  impressed 
Walter  M.  Reynolds  with  the  zeal  and 
determination  which  pervade  that  plant 
that  he  returned  to  New  York  to  write 
this  issue's  fast-moving  account  of  what 
is  involved  in  the  change  from  making 
special  military  materiel  under  war  pres- 
sure to  making  telephone  equipment  under 
the  scarcely  less  urgent  pressure  of  the  Bell 
System's  present  peace-time  needs.  After 
five  years  as  a  newspaper  reporter,  Mr. 
Reynolds  joined  the  Public  Relations  De- 
partment of  the  Bell  Telephone  Company 


Mr.  Wilson 


Mr.  Reynolds 


Mr.  Clark 
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Mr.  Lauderback 

of  Pennsylvania  in  1929  as  assistant  editor 
of  The  Telephone  News.  A  year  later  he 
became  that  publication's  editor,  was  made 
general  information  supervisor  in  1936,  and 
vv^as  appointed  general  information  manager 
in  1941.  He  transferred  to  the  A.  T.  &  T. 
Company  in  1944,  where  he  is  information 
manager  in   the  Information   Department. 

Ever  since  the  Selective  Service  and 
Training  Act  of  1940  first  began  to  fill 
Army  camps  with  young  men  in  khaki,  the 
Bell  System  has  done  everything  within  its 
power  to  provide  convenient  telephone 
service  for  members  of  the  armed  forces. 
It  has  been  a  big  job,  and  by  no  means 
easy  of  accomplishment ;  but  it  has  been 
very  much  worth  doing,  as  a  great  many 
notes  of  thanks  from  the  men  and  their 
relatives  bear  witness.  Now  the  end  is  in 
sight,  and  T.  Hunt  Clark  describes 
scenes  from  the  last  act:  the  men  and 
women  just  back  from  overseas  enabled 
to  talk  with  loved  ones  as  soon  as  possible 
after  they  set  foot  in  the  U.  S.  A.  An 
officer  in  two  wars,  Mr.  Clark  spent  the 
years  between  them  in  the  commercial  en- 
gineering division  of  the  New  York  Tele- 
phone Company,  as  secretary  to  President 
Walter  S.  Gif^ord  of  the  A.  T.  &  T.  Co., 
and  in  the  sales  and  servicing  section  of 
the  commercial  division  of  the  Department 
of  Operation  and  Engineering  of  A.  T.  & 
T.     His  work  on  communications  for  Ci- 


Mr.  Romnes 

vilian  Defense  led  early  in  1943  to  a  com- 
mission as  Major,  AUS,  and  appointment 
as  Chief  of  the  Control  and  Communica- 
tions Section  of  the  National  Office  of  Ci- 
vilian Defense  in  Washington.  Subse- 
quently he  was  an  instructor  at  the  Army 
Industrial  College  until  his  discharge  last 
February.  Back  in  the  sales  and  servicing 
section,  he  is  now  working  on  public  tele- 
phone service  for  the  armed  forces — includ- 
ing, of  course,  service  at  Disposition  Cen- 
ters. 

Using  nearly  150,000  miles  of  private 
telephone  and  teletypewriter  lines,  the 
Civil  Aeronautics  Administration  is  one  of 
the  Bell  System's  biggest  customers.  Yet 
relatively  few  people,  except  those  directly 
concerned,  know  much  about  the  functions 
of  the  C.  A.  A.  nor  about  the  importance 
of  its  communication  system  in  administer- 
ing the  Federal  airways  and  controlling  the 
planes  which  use  them.  These  matters  H. 
C.  Lauderback  discusses  from  a  back- 
ground of  15  years  of  close  association  with 
the  C.  A.  A.,  during  which  time  he  has — 
among  other  things — recommended  equip- 
ment and  assisted  in  designing  circuit  net- 
works to  meet  its  special  requirements. 
Starting  in  the  Engineering  Department  of 
the  Southwestern  Bell  Telephone  Company 
in  Kansas  City  in  191 1,  Mr.  Lauderback 
became  toll  traffic  engineer  two  years  later. 
{Continued  on  page  1S7) 


Good  news  !  Telephones  are  again  rolling  off  the  Western  Electric  Company's  pro- 
duction lines,  to  break  one  of  the  bottle-necks  in  civilian  communication  equipment 
which  was  created  when  practically  all  of  Western  Electric's  great  productive  ca- 
pacity went  to  war.  It  is  an  ironic  circumstance  that  the  moulder  who  holds  the 
handset  shell  in  this  picture  has  been  waiting  for  many  months  for  a  telephone.     See 

the  article  beginning  on  page  158 


Adequate  Earnings  Are  Necessary  to  Secure  the  Capital 

Required  for  the  Future  Expansion  oj  This  Business  to 

Meet  the  Nation  s  Increasing  Needs  for  Service 


Reasonable  Earnings  to 
Insure  the  Best  Service 


Leroy  yi.  JVilson 


The  history  of  the  telephone  in 
America  is  a  most  remarkable  one. 
In  dynamic  American  fashion  there 
has  been  developed  in  this  country 
the  finest  communication  system  in 
the  world.  This  system  is  enormous 
in  size,  but  bigness  is  only  one  of  its 
characteristics.  It  is  also  one  of  the 
most  delicately  balanced  physical 
structures  on  the  face  of  the  earth. 
Each  part  is  finely  fashioned  in  itself 
and  finely  tuned  to  work  in  harmony 
with  billions  of  other  parts.  Only 
the  best  in  design,  manufacture,  and 
maintenance  is  good  enough;  for  a 
fleck  of  dust  in  San  Diego  can  trouble 
an  ear  in  Portland,  Maine.  Simi- 
larly, only  the  best  in  human  opera- 
tion will  properly  serve  the  tele- 
phone's purpose;  a  careless  act  may 
deeply  affect  a  human  life. 

There  are  many  reasons  why  this 
great  system  works  so  well  and  is  so 
universally  used.  You  will  find  one 
reason  in  "the  voice  with  a  smile"  and 


another  in  the  complicated  equations 
of  the  research  physicist.  But  there 
is  a  fundamental  reason  which  un- 
derlies all  the  others.  It  is  that  the 
people  who  provide  the  service,  the 
people  who  use  it,  and  the  public  au- 
thorities entrusted  with  regulation  of 
its  over-all  operation  have  generally 
cooperated  in  the  effort  to  make  tele- 
phone service  always  better  tomor- 
row than  it  is  today.  The  progress 
of  the  telephone  in  America  has 
sprung  from  the  initiative,  the  spirit 
of  fair  play,  and  the  common  sense 
of  the  American  people.  These  have 
encouraged  and  nourished  a  develop- 
ment which  the  rest  of  the  world 
looks  at  with  admiration.  Without 
them,  the  tremendous  accomplish- 
ments in  telephone  service  would 
have  been  impossible. 

The  public  looks  forward  to  the 
same  kind  of  progress  in  the  future 
that  has  been  achieved  in  the  past, 
and  for  the  same  reasons.     The  op- 
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portunity  for  progress  is  enormous. 
The  physical  means  and  human  skill 
are  at  hand  to  provide  far  more  and 
better  telephone  service  than  ever  be- 
fore. New  tools  and  new  techniques 
only  await  practical  application.  Bell 
System  people  know  how  to  turn  the 
promise  into  performance,  and  they 
also  know  from  experience  that  the 
key  to  success  is  full  understanding  of 


service  rendered  by  the  Bell  System 
increased  several  times  over.  The 
speed  and  quality  of  the  service  im- 
proved enormously.  The  cost  to  the 
public  per  unit  of  service  went  down. 
Wage  rates  of  telephone  employees 
went  up.  To  make  all  this  possible, 
hundreds  of  thousands  of  people 
bought  shares  in  the  Bell  System. 
Others  lent  the  System  their  dollars. 


GROWTH   IN  BELL   SYSTEM  TELEPHONES 
AND   IN   U.  S.    POPULATION 
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the  whole  process  by  all  concerned — 
not  only  by  telephone  employees,  but 
also  by  the  public  and  by  government 
authorities  responsible  for  regulating 
telephone  enterprise  in  the  public  in- 
terest. 

Progress  since  1920 

When  talking  about  progress  it  is 
well  to  be  specific.  In  the  last  25 
vears  the  total  amount  of  telephone 


All  this  money,  totalling  more  than 
$23^  billions  additional  since  1920 
alone,  was  used  to  build  telephone 
plant.  When  war  came,  the  vast  tele- 
phone system  which  had  been  built 
proved  an  invaluable  asset  in  helping 
to  speed  victory. 

This  is  a  success  story.  It  couldn't 
be  called  that  if  the  goal  of  the  Bell 
System  had  been  simply  to  make 
money.     But  the  earning  of  money, 
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although  essential  to  successful  opera- 
tion, was  not  the  primary  objective. 
The  objective  was  to  provide  a  con- 
tinuously expanding  and  improving 
service  at  the  lowest  possible  cost. 
Earnings  were  the  essential  means 
required  to  make  sure  that  investors 
would  be  attracted  by  the  prospect 
of  a  steady  return  on  a  safe  Invest- 
ment, and  would  provide  the  money 


a  cooperative  undertaking,  based  on 
the  understanding  and  good  faith  of 
all  concerned,  and  great  success  came 
of  It. 

In  those  25  years  beginning  In 
1920,  the  number  of  Bell  telephones 
nearly  tripled  while  the  population 
gained  only  about  30  percent  (Fig. 
i).  All  classes  of  telephone  service 
came  into  wider  use — local,  toll  and 
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needed  to  build  the  plant  to  give  the 
service.  The  System  voluntarily  and 
publicly  stated  that  it  did  not  want 
earnings  higher  than  were  needed  to 
accomplish  that  result.  The  general 
public,  and  the  state  and  federal  com- 
missions which  regulate  the  telephone 
business,  saw  that  words  were  backed 
by  action,  and  permitted  the  System 
to  earn  the  money  It  required  to  ex- 
pand and  improve  its  service.    It  was 


long  distance  calls,  business  and  resi- 
dence service,  main  and  extension 
telephones,  and  private  branch  ex- 
change service  (Fig.  2).  The  aver- 
age daily  number  of  conversations 
handled  by  the  System  went  up  from 
33  million  to  more  than  85  million 
and  conversations  per  person  In- 
creased from  about  160  to  280  a 
year.  Inter-city  telephone  messages 
shot  up   from   360  million   to  more 
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than  1500  million  a  year  (Fig.  3). 
Over  the  routes  of  the  A.  T.  &  T. 
Long  Lines  Department  the  number 
of  conversations  increased  seven-fold, 
from  25  million  a  year  to  about  195 
million  (Fig.  4).  Overseas  radio 
telephone  service  was  introduced  in 
1927  and  subsequently  extended  to 
more  than  75  countries  and  territo- 
ries throughout  the  world.      Service 


erative  efforts  by  the  companies  and 
their  customers  brought  about  a 
steadily  increasing  understanding  of 
the  correct  way  to  use  the  dial  tele- 
phone. Since  1925,  the  rate  of  cut- 
offs, wrong  numbers,  and  interrup- 
tions in  dial  offices  has  been  reduced 
by  two-thirds,  or  from  2.4  percent  to 
less  than  i  percent  of  total  calls. 
Since  each  one-tenth  of  i  percent  im- 
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to  ships,   which  began   in    1930,   has 
also     experienced     a     rapid     growth 

While  quantity  of  service  was  in- 
creasing, so  was  the  quality  continu- 
ously improving.  Fast,  accurate  dial 
service  was  introduced  and  extended 
to  approximately  two-thirds  of  all 
Bell  telephones.  As  this  was  being 
done,  the  performance  of  the  equip- 
ment itself  was  improved  and  coop- 


provement  affects  about  20  million 
calls  a  year,  the  over-all  betterment 
is  measured  in  hundreds  of  millions 
of  calls  annually. 

Similar  improvement  has  been 
made  in  the  handling  of  additional 
hundreds  of  millions  of  local  calls  at 
manual  switchboards.  Today,  also, 
information  operators  handle  calls 
on  the  average  one-third  faster  than 
20  years  ago, 
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The  quality  of  toll  and  long  dis- 
tance telephone  service  has  been 
vastly  improved.  The  average  time 
for  completing  calls  in  toll  offices  in 
1920  was  14  minutes.  In  1940  it 
was  one-tenth  of  that.  In  the  same 
period  the  proportion  of  these  calls 
requiring  more  than  10  minutes  to 
complete  was  cut  from  40  percent 
to  practically  zero.     "No  hang  up" 


gains  were  partly  lost  because  of  the 
overloading  of  facilities;  but  even  at 
the  peak  of  war  activity,  toll  and  long 
distance  service  was  far  more  swift 
and  accurate  than  in  the  years  fol- 
lowing World  War  I,  and  all  war 
demands  were  met  fully  and  promptly. 
Twenty-five  years  ago  Bell  System 
customers  reported  trouble  with  their 
service  on  the  average  about  twice  a 
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long  distance  service  climbed  from 
about  10  percent  to  more  than  90 
percent  of  all  calls,  and  transmission 
quality  has  been  substantially  bet- 
tered. In  1920,  carrying  on  the  av- 
erage toll  conversation  was  like  con- 
versing with  a  person  in  a  quiet  open 
field  at  a  distance  of  approximately 
80  feet.  Now  the  equivalent  dis- 
tance is  about  15  feet. 

In  the  war  period  some  of  these 


year.  Now  the  average  is  about  once 
every  two  years.  Moreover,  with  im- 
provements in  procedures  for  clear- 
ing troubles,  the  proportion  of  out- 
of-service  troubles  not  cleared  the 
same  day  as  reported  is  less  than 
one-fourth  of  what  it  used  to  be. 
Bell  System  plant  and  maintenance 
have  so  improved  that  today  troubles 
occur  in  dial  central  office  equipment 
only  one-sixth  as  often  as  they  used 
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to,  and  in  outside  plant  less  than  half 
as  often.  Furthermore,  whereas  in 
1920  relatively  few  service  installa- 
tions were  being  made  on  the  same 
day  the  order  was  received,  the  next 
business  day,  or  some  other  day  the 
customer  preferred,  by  the  time  of 
Pearl  Harbor  more  than  80  percent 
of  all  installations  were  being  so 
made. 


Better  Service  at  Less  Cost 

So  RKADS  the  record.  Service  is 
faster,  more  accurate,  more  depend- 
able, more  courteous  as  well  as  many 
times  more  extensive. 

It  is  also  "more  for  the  money." 
Today   telephone   service   is  being 
furnished  at  relatively  less  cost  to  the 
user    than    at    anv    time    in    historv. 
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That  is  not  all.  Service  to  cus- 
tomers at  business  offices  has  immeas- 
urably improved.  Customers'  needs 
are  met  more  promptly  and  with 
fewer  errors.  Also,  employees  have 
greatly  improved  the  over-all  "tone" 
of  telephone  service;  there  is  better 
understanding  of  the  customer's  prob- 
lems; and  the  reasons  for  company 
policies  and  practices  are  better  and 
more  fully  explained  to  the  customer. 


Compared  with  rates  of  25  years  ago. 
Bell  System  customers  are  now  sav- 
ing 250  million  dollars  annually. 

Long  distance  rates  are  much  lower 
than  in  1920.  The  average  station- 
to-station  day  rate  between  the  25 
largest  cities  in  the  country  is  down 
from  about  $6.00  to  less  than  $1.75 
(Fig.  6).  The  transcontinental  day 
rate  for  a  station-to-station  call  has 
been  reduced  from  $16.50  to  $2.50. 
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Overseas  rates  have  been  cut  drastic- 
ally since  the  service  was  opened  in 
1927;  for  example,  a  New  York- 
London  call  which  cost  $75  in  1927 
now  costs  but  $12. 

Just  as  important  has  been  the 
great  increase  in  the  value  of  local 
service.  One  of  the  principal  meas- 
ures of  the  value  of  local  telephone 
service  is  the  number  of  other  tele- 
phones in  the  exchange  or  area  that 
each  customer  can  call.  In  the  170 
largest  U.  S.  cities  served  by  the  Bell 
System,  the  average  number  of  tele- 
phones the  customer  can  reach  by  a 
local  call  has  increased  from  30,000 
in  1920  to  over  80,000  today,  and 
the  monthly  cost  to  the  residence  cus- 
tomer measured  by  each  1,000  tele- 
phones he  can  reach  by  a  local  call 
has  declined  60  percent. 

Quality  of  service  has  gone  up. 
Over-all  cost  of  service  has  gone 
down.  These  things  have  taken  place 
together  and  are  related  to  each 
other.  When  service  Is  made  better, 
people  want  and  use  more  of  it. 
When  efficiency  is  improved,  the  re- 
sult is  better  service  and  lower  cost. 
A  telephone  that  goes  "in  trouble" 
only  once  every  two  years  obviously 
gives  better  service  than  one  that  gets 
out  o'f  order  twice  a  year.  It  is  also 
(other  things  being  equal)  less  costly 
to  maintain.  Similarly,  a  toll  call 
that  takes  one  minute  to  complete  is 
better  service  and  is  less  costly  than 
one  that  takes  10  minutes. 

Two  things  are  essential  to  main- 
tain this  process  of  giving  better  serv- 
ice at  less  cost.  One  Is  continuous  re- 
search to  develop  constantly  improv- 
ing methods  and  equipment.  The 
other  is  money  from  Investors  with 
which  to  build  the  improved  plant 
that  research  makes  possible.     Also, 


because  better  service  brings  public 
demand  for  more  service,  more  and 
more  plant  of  steadily  improving 
quality  must  be  built.  This  means 
that  the  Bell  System  must  steadily  at- 
tract the  new  capital — the  new  money 
from  Investors — that  is  needed  to 
build  it. 

In  order  to  make  sure  that  tele- 
phone service  will  constantly  Improve, 
the  Bell  Telephone  Laboratories  and 
the  General  Department  of  the  A.  T. 
&  T.  Company  are  working  all  the 
time  to  develop  new  devices,  better 
systems,  and  improved  methods.  In 
order  to  make  sure  that  the  new,  im- 
proved, and  expanding  plant  can  be 
built,  money  to  pay  investors  an  at- 
tractive return  on  their  investment 
must  be  earned.  If  they  think  that 
their  investment  Is  safe  and  that  the 
return  they  obtain  is  attractive,  they 
will  put  up  more  money  to  build  the 
new  plant.  The  new  plant,  in  turn, 
gives  the  telephone  user  more  for  his 
money.     That  is  the  cycle. 

What  Earnings  Are  Needed 
To  Continue  Progress? 

How  MUCH,  then,  does  the  Bell  Sys- 
tem need  to  earn  to  induce  Investors 
to  keep  on  entrusting  their  money  to 
It?  Is  it  earning  enough  today? 
Will  the  public,  and  Its  representa- 
tives on  regulatory  commissions,  per- 
mit earnings  sufficient  for  tomorrow? 
It  is  vital  that  they  should.  It  Is 
certainly  to  be  expected  that  they 
will,  for  they  are  as  Interested  as  Bell 
System  people  In  making  sure  that 
the  communication  needs  of  the  na- 
tion are  served  as  well  as  possible. 

Now  let  us  look  at  the  Bell  System 
financial  set-up  and  past  earnings,  and 
see  what  they  suggest  as  to  what  the 
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System's  future  earnings  need  to  be. 

The  money  invested  in  the  System 
increased  from  about  $i>^  billions  in 
1920  to  a  total  of  more  than  $4  bil- 
lions at  the  end  of  1944.  Two-thirds 
of  this  $4  billions  is  money  belonging 
to  the  hundreds  of  thousands  of  peo- 
ple who  bought  stock,  becoming  part 
owners  in  the  business.  They  now 
number  more  than  680,000,  of  whom 
more  than  60  percent  are  women 
(Fig.  7).  Some  60,000  are  Bell  Sys- 
tem employees.  The  average  number 
of  shares  held  per  stockholder  is  29. 
No  stockholder  owns  as  much  as  one- 
half  of  one  percent  of  the  stock. 
More  than  200,000  own  five  shares 
or  less. 

The  Bell  System  thus  belongs  to 
people  in  all  walks  of  life  in  cities, 
towns,  and  villages  throughout  Amer- 
ica. The  money  comes  from  the  sav- 
ings of  the  many  rather  than  the 
wealth  of  the  few.  The  reason  for 
this  is  that  only  the  many — that  is, 
hundreds  of  thousands  of  small  in- 
vestors— have  the  money  to  own  such 
a  big  business. 

The  other  one-third  of  the  Sys- 
tem's $4  billions  of  capital  is  bor- 
rowed money  represented  by  bonds. 
So  there  are  two  kinds  of  capital  in- 
vested in  the  business — stock  money 
and  bond  money.  On  the  bond 
money  interest  must  be  paid,  while 
holders  of  stock  must  be  paid  suffi- 
cient dividends  to  keep  them  inter- 
ested in  buying  new  shares  when  the 
System  needs  more  stock  money  to 
expand  and  improve  its  plant. 

Immediately  following  World  War 
I  some  46  percent  of  the  total  capital 
was  bond  money,  but  this  proportion 
has  been  reduced  until  it  now  stands 
at  about  a  third  of  the  total.  For 
this  bond  money  the  System  pays  in- 
terest at  an  average  rate  of  a  little 


more  than  3  percent.  Some  Investors 
— savings  banks  for  example — are 
generally  not  authorized  to  purchase 
common  stocks  but  can  invest  in 
bonds.  Still  other  Investors  simply 
prefer  bonds.  So,  In  order  to  tap 
certain  Important  sources  of  invest- 
ment funds  to  secure  the  substantial 
amounts  required,  the  only  way  to  get 
money  from  these  sources  is  by  bor- 
rowing. 

Risks  of  Too  Much  Debt 

However,  just  as  in  one's  personal 
affairs.  It  isn't  prudent  to  borrow  too 
much.  If  bad  times  cause  a  loss  In 
earning  power,  this  may  result  In  fail- 
ure to  earn  the  Interest  on  the  bor- 
rowed money.  That  means  loss  of 
credit,  and  when  credit  goes  smash, 
like  Humpty-Dumpty  it  is  extremely 
hard  to  put  it  together  again.  The 
late  Joseph  B.  Eastman,  when  he  was 
serving  as  Federal  Coordinator  of 
Transportation,  said,  "Never  incur 
debt  unless  absolutely  necessary. 
Confine  capitalization  to  common 
stock,  so  far  as  possible,  and  issue  no 
more  than  need  be  of  that."  He 
gave  this  advice  out  of  a  lifetime  of 
experience  in  public  service  regula- 
tion. 

Even  If  the  worst  never  hap- 
pens, borrowing  too  much  isn't  wise. 
When  a  company  borrows,  the  risk 
for  the  stockholders  increases,  be- 
cause they  know  that  all  the  interest 
on  the  bonds  must  be  paid  before 
they  can  receive  any  dividends.  If  a 
company  has  borrowed  a  great  deal 
It  may  find,  when  It  needs  new  capi- 
tal, that  nobody  wants  to  buy  stock. 
Then  the  only  thing  left  to  do  Is  to 
borrow  still  more  money,  If  it  can  be 
done,  which  of  course  makes  an  al- 
readv  bad  situation  worse. 
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For  such  reasons  the  Bell  System 
has  followed  the  sound  policy  that 
borrowed  money  ought  to  be  kept  at 
a  practicable  minimum.  Deciding  ex- 
actly what  the  proportion  should  be 
Is  not  an  exact  science,  but  a  matter 
of  good  common  sense.  However,  It 
is  obvious  that  prudent  management 
should  not  risk  harming  a  company's 
credit,  with  consequent  long-term 
harm  to  its  service,  simply  because 
bond  money  at  comparatively  low  In- 
terest rates  might  be  temporarily  easy 
to  obtain. 

Some  other  industries  have  bor- 
rowed proportionately  more  of  their 
capital  than  the  Bell  System  has;  for 
example,  the  railroads  and  the  elec- 
tric utilities. 

However,  the  experience  of  many 
of  the  railroads  illustrates  the  dan- 
gers of  borrowing,  rather  than  the 
advantages.  During  the  depression, 
manv  of  them  were  unable  to  earn 
enough  to  pay  even  the  interest  on 
their  bonds,  and  a  number  of  Impor- 
tant road's  went  bankrupt.  It  Is 
worth  noting  that  generally  those 
railroads  whose  bonds  represent  only 
about  one-third  of  their  capital  or 
less  have  been  able  to  earn  the  inter- 
est each  year,  while  many  of  those 
which  have  borrowed  more  have  not. 

Power  companies  also  have  gener- 
ally borrowed  a  higher  proportion  of 
their  capital  than  Is  considered  pru- 
dent for  the  Bell  System.  They  have 
been  able  to  do  this  without  running 
Into  the  same  difficulties  many  of  the 
railroads  have.  For  one  thing,  their 
business  fluctuates  less  sharply  than 
the  business  of  either  the  railroads  or 
the  Bell  System.  During  times  of 
depression,  earnings  of  electric  utili- 
ties have  not  fallen  ©ff  to  the  same 
extent  as  the  earnings  of  telephone 
companies.     This  Is  due  in  large  part 


to  the  greater  stability  of  their  resi- 
dence market. 

The  experience  of  manufacturing 
concerns  Is  also  of  Interest  in  this 
connection.  Reports  of  the  Bureau 
of  Internal  Revenue  on  "Statistics  of 
Income"  covering  some  80,000  manu- 
facturing corporations  show  bonds  to 
constitute  only  about  10  percent  of 
the  total  capital.  This  shows  that 
these  companies,  which  are  generally 
subject  to  sharp  fluctuations  with  the 
ups  and  downs  of  the  business  cycle, 
have  tended  to  keep  their  debt  at  a 
minimum. 

Earnifjgs  Needed  on  Stock 

Assuming  then  that  the  borrowed 
part  of  the  System's  capital  should 
not  represent  more  than  approxi- 
mately a  third  of  the  total,  what 
about  the  other  two-thirds — the  stock 
money?  What  does  the  System  need 
to  earn  on  that,  in  order  to  get  more 
of  it  when  It  is  needed? 

A  reasonable  way  to  start  look- 
ing for  the  answer  is  first  to  review 
the  financial  history  of  the  System. 
Money  invested  by  stockholders  in 
the  Bell  System  Increased  from  about 
$700  millions  in  1920  to  more  than 
$2^/2  billions  In  1944.  Most  of  that 
money  was  Invested  in  the  1920s, 
when  the  System's  average  earnings 
were  relatively  higher  than  during 
any  other  period  in  the  last  25  years. 
During  the  period  1920— 1926,  which 
omits  the  abnormal  years  1927— 1929, 
the  average  earnings  on  stock  money 
were  9.5  percent.  No  doubt  this 
earning  power  of  the  1920s  was  an 
important  factor  in  Inducing  people 
then  to  put  their  money  Into  the  busi- 
ness. 

However,  there  is  no  certainty  that 
today  the  System  necessarily  has  to 
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earn  as  much  as  It  did  in  the  '20s  in 
order  to  get  the  new  money  it  needs 
for  further  expansion.  Over  the  long 
period  since  1920  the  System  has,  af- 
ter all,  come  through  pretty  well;  it 
has  weathered  depression  and  war; 
it  has  enormously  improved  and  in- 
creased the  service,  and  its  credit  is 
good.  During  this  whole  period,  in- 
cluding good  business  years,  depres- 


for  the  long  period  (7.8%)  may  be 
sufficient  to  induce  equity  investors  to 
entrust  more  money  to  it  in  the  fu- 
ture. 

Investors  themselves  have  pro- 
vided a  test  of  the  reasonableness  of 
the  System's  past  earnings. 

There  are  two  ways  in  which  an  A. 
T.  &  T.  stockholder  can  buy  more 
stock.     One  is  to  buy  it  on  the  stock 
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sion  and  war  years,  the  System's  earn- 
ings on  the  investment  of  the  stock- 
holders in  the  business  have  averaged 
7.8  percent.  That's  the  average  for 
the  long  period  from  1920  to  1944. 
While  some  uncertainty  exists,  it 
looks  as  though  earnings  somewhere 
between  those  for  the  period  when 
the  System  successfully  sold  most  of 
the   stock    (9.5%)    and   the   average 


market  from  another  stockholder 
who  wants  to  sell.  The  other  is  to 
buy  it  from  the  Company  at  the  times 
when  the  Company  offers  it  for  sale. 

The  first  method  doesn't  provide 
the  Company  with  additional  money 
to  build  new  plant.  The  second 
method  does. 

But  the  person  who  buys  stock 
from  the  Company  wants  to  feel  that 
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PER  CENT  RETURN  on  NET  WORTH 
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the  Integrity  of  his  investment  will  be 
maintained.  To  give  him  that  assur- 
ance, the  average  price  he  can  get  on 
the  market  ought  to  be  at  least  some- 
what higher  than  the  money  repre- 
sented bv  his  investment  in  the  busi- 
ness. 

During  the  last  25  years,  the  stock- 
holders' investment  in  the  business 
has    averaged    $137.51     per    share. 


$10  more  than  the  amount  per  share 
that  the  owners  of  stock  actually  have 
invested  in  the  business.  This  means 
that  the  investing  public,  watching  A. 
T.  &  T.  earnings  year  after  year,  has 
set  an  average  price  on  the  open  mar- 
ket just  about  high  enough  to  give  the 
people  who  have  bought  stock  from 
the  Company  the  necessary  assurance 
that   in   the   long   run   their   stock   is 


SOME    WARTIME    FINANCIAL    TRENDS 

BELL    SYSTEM 


SALARIES"' 
AND  WAGES 


NET   INCOME 


1939  =  100% 


1939       -iO        '4  1         '42        'ii       1944 
*  CHAROeO    10    OPERATING    EXPENSES. 


1939      -40        '4  1         '4  2        '4  3       1944 


1939      '40        '4  1         '42        '43       1944 


Figure  ii 


This  is  the  average  cash  per  share 
that  the  stockholders  have  actually 
paid  to  the  A.  T.  &  T.  Company, 
plus  the  amount  of  accumulated  earn- 
ings per  share  that  has  not  been  paid 
out  in  dividends  but  belongs  to  the 
stockholders  and  is  part  of  their  in- 
vestment (Fig.  8) . 

On  the  stock  market,  the  price  of 
A.  T.  &  T.  stock  in  the  last  25  years 
has  averaged  $147.66  a  share — about 


worth  what  they  have  invested  in  the 
business  (Fig.  9) . 

Another  means  of  judging  what 
the  System's  earnings  on  stock  money 
need  to  be  is  to  look  at  the  earnings 
of  other  companies.  Many  of  them, 
too,  are  interested  in  attracting  in- 
vestors, and  the  System  must  com- 
pete continuously  with  them  for  the 
investor's  dollar.  For  20  years  The 
National   City   Bank   of   New  York 
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has  recorded  the  earnings  of  approxi- 
mately 1300  leading  manufacturing 
corporations.  In  the  20-year  period, 
the  earnings  of  those  companies — in- 
cluding both  the  profitable  and  the 
non-profitable  concerns — have  aver- 
aged 8.2  percent  on  the  money  in- 
vested in  them  by  their  stockholders. 
The  comparable  average  for  the  Bell 
System  in  the  same  period  has  been 
7.7  percent. 

However,  the  picture  in  the  last 
tliree  years  is  quite  different.  In 
1942,  1943,  and  1944  the  average 
earnings  of  this  large  group  of  com- 
panies rose  to  9.9  percent,  while  Bell 
System  earnings  on  its  stockholders' 
investment  were  only  6.7  percent 
(Fig.  10).  This  points  rather  con- 
clusively to  the  need  for  increased 
Bell  System  earnings  in  order  to 
compete  with  other  industry  to  ob- 
tain the  money  for  the  tremendous 
construction  program  which  lies 
ahead. 

Incidentally,  the  System's  low  earn- 
ings in  1942,  1943,  and  1944  show 
definitely  that  it  did  not  profit  from 
the  war;  its  wartime  earnings  were, 
in  fact,  the  lowest  since  the  worst 
years  of  the  depression.  This  was 
in  spite  of  the  record  volume  of  busi- 
ness handled  (Fig.  11).  But  today 
the  System  must  face  the  fact  that  it 
now  needs  higher  earnings  to  obtain 
the  capital  required  to  meet  the  de- 
mands and  opportunities  of  peace. 
In  times  of  good  business  its  earnings 
must  be  enough  to  offset  the  reduced 
earnings  which  are  inevitable  in  peri- 
ods of  lower  business  volumes. 

Earnings  on  Total  Capital 

To  SUM  UP  the  evidence  as  to  what 
earnings  the  System  will  need: 


1.  About  a  third  of  the  capital  is 
now  borrowed  money  and  it  will  be 
prudent  not  to  increase  this  propor- 
tion of  debt  if  it  can  be  avoided. 
The  average  cost  of  the  debt  is  a 
little  over  3  percent  a  year  and  is  not 
likely  to  go  much  lower. 

2.  The  other  two-thirds  of  the 
capital  is  stockholders'  money.  At 
least  two-thirds  of  the  new  capital 
needed  should  be  obtained  by  selling 
more  stock.  To  make  sure  that  the 
System  will  be  able  to  interest  in- 
vestors in  buying  large  amounts  of 
new  stock,  earnings  on  stock  money 
should  at  least  be  somewhere  between 
the  earnings  of  the  early  '20s  and  the 
earnings  over  the  entire  span  of  the 
past  25  years,  say  about  mid-way  be- 
tween the  two,  or  between  8^/2  and 
9  percent. 

3.  If  one-third  of  the  capital  costs 
a  little  over  3  percent  and  two-thirds 
somewhere  between  83^  and  9  per- 
cent, then  the  average  earnings  re- 
quired on  total  capital  figure  out  to 
be  at  least  from  63/2  to  7  percent. 

These  earnings  required  to  do  the 
job  ahead  are  not  high.  The  System 
does  not  ask  that  they  be  high — it 
only  wants  them  to  be  high  enough  to 
do  the  job.  And  the  difference  be- 
tween earnings  that  are  high  enough 
and  earnings  that  are  too  low  is  of 
tremendous  importance. 

Earnings  high  enough  mean  that 
the  Bell  System  qan  go  forward  and 
improve  its  service,  increase  employ- 
ment, pay  good  wages,  develop  fur- 
ther ways  and  means  of  increasing 
the  value  of  the  service,  and  in  the 
long  run  continue  to  reduce  its  cost. 
Experience  proves  it.  It  is  because 
the  Bell  System  as  a  whole  has  ob- 
tained  enough  money  to   do   its  job 
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well  that  it  has  been  able  to  give  its      billion  dollars  in  the  postwar  period, 
customers  much  more  for //z^ir  money.      In  the  next  five  years  this  may  well 

mean    a    billion    and    a    half    in    new 
What  the  Money  money   from  investors;   and  looking 

Will  Accomplish  ahead  ten  years  instead  of  five,  the 

System   may    require   well    over   two 
There  has  never  been  a  time  in  the      billion — nearly  as  much  new  capital 
history  of  this  business  when   there      as    it    had    to    obtain    in    the    whole 
have    been    more    new    developments      period  from  1920  to  1945. 
capable  of  being  translated  into  bet-  This  new  money  will  be  used  to  the 

ter  and  more  valuable  service  for  tele-      nation's  benefit.     It  will  mean  giving 
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phone  customers.  But  let  there  be  no 
mistake  about  it:  in  order  to  do  the 
job  that  the  System  has  the  skill  to 
do,  it  is  going  to  need  very  large 
amounts  of  new  capital  and  it  ur- 
gently needs  earnings  adequate  to  en- 
able it  to  obtain  the  necessary  billions. 
To  meet  backed  up  service  de- 
mands alone  the  System  needs  $700 
millions  of  additional  plant  as  fast  as 
it  can  be  put  in.  Expenditures  for 
new    construction    will    total    several 


service  to  all  who  now  want  it,  in- 
cluding the  more  than  2,000,000  peo- 
ple whose  applications  are  being  held 
for  lack  of  equipment.  It  will  pro- 
vide individual  line  service  to  hun- 
dreds of  thousands  who  have  been  on 
party  lines  because  that  was  the  only 
service  available  in  wartime,  and  ex- 
tension telephones  in  hundreds  of 
thousands  of  additional  homes.  It 
will  mean  pushing  forward  the  pro- 
gram to  give  fast  and  accurate  dial 
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service.  It  will  mean  eliminating  the 
"turn  the  crank"  magneto  switch- 
boards entirely,  providing  modern 
handset  telephones  for  everybody, 
and  introducing  new  and  improved 
types  of  key  sets  and  intercommuni- 
cating systems. 

The  System's  farm  program  alone 
will  employ  a  hundred  million  dollars 
and  12  million  man-hours  of  work 
with  the  objective  of  adding  another 
million  telephones  in  Bell  rural  areas 
to  the  million  already  in  service. 

It  will  also  mean  adding  toll  plant, 
including  hundreds  of  thousands  of 
miles  of  new  circuits,  to  restore  toll 
and  long  distance  service  to  the  stand- 
ards enjoyed  before  the  war.  Fur- 
ther improvement  in  the  speed  and 
accuracy  of  toll  and  long  distance 
service  will  be  obtained  by  the  intro- 
duction of  new  equipment  and  meth- 
ods which  will  enable  an  operator  to 
dial  a  call  through  from  coast  to 
coast  without  the  assistance  of  an- 
other operator  (Fig.  16).  Still  other 
developments  look  to  eventual  cus- 
tomer dialing  of  toll  calls  over  long 
as  well  as  short  distances. 

The  nationwide  system  of  coaxial 
cables  will  transmit  television  pro- 
grams as  well  as  telephone  messages, 
and  radio  relay  systems  will  be  built 
to  complement  and  operate  harmoni- 
ously with  the  wire  lines  (Figs.  12, 
13).  Two-way  voice  communication 
will  be  furnished  to  connect  motor 
vehicles,  boats  of  all  kinds,  and  trains 
with  any  telephone  in  the  land  that 
they  wish  to  reach  (Fig.  14).  The 
number  of  circuits  to  countries  over- 
seas will  also  be  vastly  increased  and 
will  give  improved  speed  and  quality 
of  overseas  service  (Fig.  15). 

To  do  these  things  will  take  men, 
women,  materials,  and  money.   There 


are  many  thousands  of  jobs  ahead  In 
the  manufacture,  construction,  and 
installation  of  new  plant.  In  the 
next  five  years  there  will  be  needed, 
in  all  probability,  12  million  tele- 
phones for  new  customers  and  for  re- 
placements, additional  buildings  and 
central  office  equipment  for  the  rapid 
extension  of  dial  service,  40  million 
conductor  miles  of  exchange  wire  In 
cable,  and  toll  cable  for  15  thousand 
miles  of  route.  And  to  help  get  the 
work  done,  some  30,000  new  cars  and 
trucks  will  be  needed. 

A  Dynamic  Program 

This  is  a  dynamic,  forward-looking 
program.  It  can  be  accomplished  If 
earnings  are  sufficiently  high  to  at- 
tract from  investors  the  money  to 
build  the  new  improved  plant  needed. 
This  will  make  possible  plenty  of 
jobs,  better  service,  and  more  service. 
There  is  every  reason  to  suppose  that 
the  same  American  common  sense 
that  has  made  telephone  service  so 
progressive  in  the  past  will  make  it 
equally  successful  in  the  future.  And 
always,  behind  the  whole  program, 
stands  the  policy  plainly  stated  by 
Walter  S.  GIfiford,  President  of  the 
A.  T.  &  T.  Company,  in  1927  : 

"Earnings  must  be  sufficient  to  as- 
sure the  best  possible  telephone  serv- 
ice at  all  times  and  to  assure  the  con- 
tinued financial  integrity  of  the  busi- 
ness. Earnings  that  are  less  than 
adequate  must  result  in  telephone 
service  that  is  something  less  than  the 
best  possible.  Earnings  in  excess  of 
these  requirements  must  either  be 
spent  for  the  enlargement  and  im- 
provement of  the  service  furnished^ 
or  the  rates  charged  for  the  service 
must  be  reduced.  This  is  fundamen- 
tal in  the  policy  of  the  management." 
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Which  Millions  of  Customers  Are  Waiting 


Western  Electric  Tackles 
the  Peace-time  Emergency 

fValter  M.  Reynolds 


They're  breathing  fire  and 
they're  moving  fast  at  the  Haw- 
thorne Works  of  the  Western  Elec- 
tric Company,   in  Chicago. 

They're  in  high  gear,  the  place  is 
jumping,  and  they're  speeding  around 
the  corner  from  War  Street  into 
Peace  Boulevard.  Hurry  is  the 
watchword. 

There  were  io6  of  Hawthorne's 
great  building  sections  which  re- 
quired complete  or  partial  rearrange- 
ment and  retooling.  Not  more  than 
two  weeks  after  the  Nips  quit,  nine- 
teen of  the  building  sections — which 
are  as  big  as  three-quarter-size  foot- 
ball fields — had  been  scrubbed  clean 
of  war  and  were  throbbing  with  ci- 
vilian telephone  manufacture.  In  an- 
other two  weeks — one  month  after 
the  Jap  surrender — the  nineteen 
building  sections  had  increased  to 
thirty-five,  all  at  work  on  peace-time 
equipment.  Besides,  reconversion 
was   pounding   forward   in   an   addi- 


tional twenty-one  sections  of  the 
plant. 

This  would  sound  like  a  record, 
and  maybe  it  is,  although  there  is 
nobody  at  Hawthorne  right  now  to 
answer  the  question.  They  are  all 
too  busy.  The  records  they're  inter- 
ested in  at  the  moment  are  those 
having  to  do  with  the  rate  of  produc- 
tion of  telephones,  central  office  dial 
equipment,  and  exchange  cable. 

Here's  the  first  chapter  of  that 
record: 

Within  one  month  after  the  fight- 
ing was  halted,  the  production  rate 
of  central  office  dial  equipment  was 
up  more  than  one  and  a  half  times 
what  it  had  been.  And  at  the  end  of 
that  same  month,  combined  set  tele- 
phones were  going  into  the  packing 
cases  more  than  one  and  three-quar- 
ter times  as  fast  as  they  had  at  the 
time  the  Japs  said  "Yessir!"  to  Mac- 
Arthur  and  Nimitz. 

Before  the  end  of  the  Pacific  war, 


phone  equipment  were  being  made. 
The  quantity  was  small  in  propor- 
tion to  the  great  need;  but  every- 
thing was  being  done  that  could  be 
done  without  interfering  in  the  war 
job. 

That  there  was  an  immediate  post- 


&"    — rr'j 

And  it  doesn't  take  a  visitor  in  their 
workshops  long  to  decide  that  they're 
a  resourceful,  powerful  crew  of  peo- 
ple! 

They  are  tackling  the  job  of  get- 
ting their  factories  back  to  peace  pro- 
duction the  same  way  they  and  tele- 


MiLLWRiGHTS  make  ready  telephone  assembly  lines  to  augment  those  already  in 
operation  as  Western  Electric  gears  up  for  new  daily  production  records 


war  civilian  telephone  production  up- 
swing at  Hawthorne  demonstrates 
clearly  how  Western  Electric  people, 
like  all  in  the  Bell  System,  face  up 
squarely  to  the  long  line  of  two  mil- 
lion and  more  of  the  public  who  want 
telephone  service  and  want  it  quick. 
At  Western,  they  are  doing  every- 
thing  in   their   power  to   supply   the 


phone  people  tackle  a  rehabilitation 
job  in  the  wake  of  a  hurricane  or 
flood. 

They  are  doing  it  emergency- 
style — 

— make  temporary  connections  to 
the  machines  .  .  .  run  the  water  and 
compressed  air  pipes  in  quick! 

— slap    in   the   power   leads,   we'll 
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get  them  into  conduits  after  a  while. 

— start  the  wheels  rolling,  pronto  I 

— pick  up  three  days,  four  days, 
now,  when  we  need  it. 

— later  will  be  time  enough  to  clear 
up  the  temporary  construction! 

That's  how  Western's  men  and 
women  are  getting  out  the  stuff. 


sets  around  here  in  spite  of  hell  and 
high  water!" 

There  are  thousands  like  Charley 
at  Hawthorne. 

Dreams  Come  True 

To  WALK  into  the  Hawthorne  shops 
nowadays  is  to  renew,  suddenly,  the 


These  small  punch  presses  are  now  pounding  out  piece  parts  for  telephone  equipment 
as  the  arduous  conversion  from  wartime  to  peacetime  production  goes  swiftly  ahead 


Take  Charley  Carroll.  He  runs 
the  miscellaneous  station  apparatus 
division.  He's  got  black,  curly  hair, 
a  firm  mouth,  and  a  strong  chin. 
Charley  sticks  that  chin  out  and  he 
puts  it  in  words. 

"Look,  mister,"  says  Charley, 
"we're  producing  high-class  telephone 


childhood  dreams  of  Santa  Claus's 
workshop.  It  is  that  way  for  a  tele- 
phone man,  anyhow. 

Beautiful  shiny  black  telephone 
handles  glide  on  their  conveyor  car- 
riers four  abreast  in  a  long  line  to- 
ward the  assembly  benches. 

Glittering    cross-bar    switch    units 
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swing  along  overhead  trolley  tracks 
to  keep  a  date  with  cables  of  gay- 
colored  wires  that  will  be  stitched  in 
place  with  thousands  of  drops  of 
solder. 

Snakes  of  hot  copper  looking  like 
neon  lights  shoot  from  the  rod  mill's 
rolls,  are  grasped  by  tongs  and  fed 


would  thrill  and  terrify  you  if  you 
were  Mickey  Mouse  spins  the  bril- 
iant  wires  into  cables  of  garden-hose 
thickness. 

Girls  seated  like  ladies  in  a  circle 
at  a  quilting  party  bend  their  heads 
above  the  conveyor  belt  on  which 
their  nimble  fingers  assemble  delicate 


A  FEW  weeks  ago  all  of  these  women  were  working  on  military  communication  equip- 
ment.    Now  they  are  making  wire  connections  on  units  of  central  office  equipment 


again  to  the  rumbling  machine  that 
squeezes  the  metal  into  wire-shaped 
rods. 

A  flock  of  little  merry-go-rounds 
twist  pink,  yellow,  purple,  red  and 
green  threads  into  insulating  jackets 
on  wires. 

In  a  wire  cage  a  Ferris  wheel  that 


transmitter  units. 

A  hunchback  press  stands  eight 
feet  tall  and  goes  "Ka-whump"  to 
bite  a  bar  of  steel  and  make  another 
U-shaped  magnet  for  ringer  assem- 
blies. 

There's  the  angry  buzz  of  com- 
pressed air  screwdrivers  sinking  brass 
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screws    into    the   vitals   of   combined 
sets. 

A  busy  little  punch  press  snaps 
rivets  into  piece-parts.  "Zu-whappl 
Zu-whapp !  Zu-whapp!"  goes  the 
press,  and  each  stroke  shouts  "Good 
news !  Good  news !  Good  news !"  to 
every  telephone  man  and  woman  in 
the  land. 


Wiring  the  units  of  central  office  switch 

boards  is   an   intricate  operation   which 

calls  for  training,  skill,  and  care 


It  is  good  news,  tremendously  good 
news  to  the  public  and  to  telephone 
companies,  this  action  that  is  taking 
place  at  Hawthorne. 

That  the  action  is  vast  and  that  it 
is  complicated  almost  beyond  com- 
prehension is  demonstrated  by  the 
sights  to  be  seen  and  the  stories  to 
be  heard  at  the  Works. 

Western  Electric,  of  course,  is  a 
whole  lot  more  than  Hawthorne,  big 


as  the  latter  is.  There  are  three  ma- 
jor Works — Kearny,  New  Jersey, 
which  concentrates  on  switchboards, 
exchange  cable,  and  carrier  systems; 
Point  Breeze,  at  Baltimore,  Mary- 
land, which  emphasizes  wire,  switch- 
board cords,  and  toll  cable — particu- 
larly coaxial  cable;  and  Hawthorne, 
where  the  big  volume  production  is 
in  central  office  dial  equipment,  tele- 
phones, and  exchange  cable. 

Each  of  these  major  units  makes 
many  other  vital  elements  of  tele- 
phone plant,  of  course,  and  each  has 
many  satellite  plants.  About  70,000 
people  work  for  Western  Electric, 
and  of  these  some  21,000  are  located 
at  the  Hawthorne  Works  and  its 
supporting  plants. 

Even  Before  Pearl  Harbor 

Even  before  Pearl  Harbor,  the 
crescendo  of  Western  Electric's  war 
work  had  begun.  Military  tele- 
phones, switchboards,  radars,  and 
secret  electronic  combat  devices  of 
many  kinds  were  given  the  green 
light.  Western  Electric,  singularly 
fitted  to  do  this  job,  was  absorbed 
85  percent  by  essential  war  produc- 
tion. But  that  is  now  coming  to  be 
an  old  story. 

Here's  where  the  story  gets  new 
again ! 

"All  of  us,"  says  David  Levinger, 
Hawthorne's  Works  Manager, 
"buckled  down  to  a  long  drawn- 
out  war  with  the  Japs  after  victory 
in  Europe,  We  concentrated — you 
know  how  we  concentrated! — giving 
the  Armed  Services  everything  they 
asked  for,  plus. 

"Then  some  time  in  June  of  this 
year,  as  reports  of  the  Pacific  fight- 
ing came   in,   the   thought  began   to 
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grow,    'We    could   be    wrong!      We 
could  be  wrong  .   .   .'  " 

In  July,  Mr.  Levinger  called  in  the 
heads  of  his  departments. 

"Maybe  this  isn't  to  be  a  long 
drawn-out  war,"  he  counseled  them. 
"It's  time  we  know  exactly  what 
we'll  do  to  meet  the  needs  of  the  Bell 
System  if  the  end  comes  quickly." 

A  month  before  V-J  Day,  he  rec- 
ommended to  them  that  Hawthorne 
supervision  "expect  each  day  that  to- 
morrow will  be  V-J  Day — and  plan 
accordingly." 

That  is  why — without  cutting  one 
whit  from  commitments  to  the  war 
job — Hawthorne  was  building  up 
telephone  production  before  mid-Au- 
gust; and  why,  when  V-J  Day  did 
come  suddenly,  plans  were  ready  and 
machines,  men,  and  materials  were 
poised  to  tackle  the  Bell  System  job. 

On  V-J  Day  war  production  was 
sharply  cut  back  while  civilian  tele- 
phone production  stayed  on  an  all- 
out  six-day  basis.  Since  then,  pro- 
duction for  civilian  use  has  gone  up 
with  quick  acceleration  as  Govern- 
ment needs  have  fallen  away. 

Within  two  weeks  after  the  Jap 
war  ended,  for  example,  two  Haw- 
thorne workers  were  on  telephone 
production  to  one  who  was  assigned 
to  war  work.  A  month  after  the  Jap 
surrender,  the  ratio  was  nearly  four 
to  one. 

Change-over — Plus  Greater 
Production 

How  DO  YOU  swing  a  vast,  complex 
manufacturing  organism  over  from 
war  to  peace  production? 

It  is  no  "put  down  this  book,  pick 
up  that  one"  operation.  Remember, 
war    commitments    were    being    met 


continuously  throughout  the  change- 
over. And  the  almost  overwhelming 
pressure  of  Bell  System  needs  was 
building  up,  up  ...  so  that  no 
thought  could  be  given  to  the  easy 
way :  shut-down,  re-organize,  relo- 
cate machines  and  shops,  and  then 
blow  the  whistle  and  start  up  pro- 
duction. 

The   war   job    and   the   peace   job 


With   peace,  production  of  dial  equip- 
ment is  going  ahead  fast.     Here  a  cable 
former  is  "sewins;"  a  line  finder  cable 


had  to  overlap.  There  was  just  that 
much  pressure  on  Western  for  its 
products. 

Not  only  was  Hawthorne  faced 
with  a  very  rapid  changeover  from 
war  to  peace  production;  it  was  con- 
fronted with  the  proposition  of  es- 
tablishing production  levels,  in  the 
cases  of  most  products,  at  high  points 
far  beyond  those  reached  in  pre-war 
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years.     And  it  all  had  to  be  done — 
but  quick! 

They  worked  out  a  program  which 
said  that  by  the  end  of  four  months 
after  V-J  Day  they  would  be  turning 
out  telephones  at  an  annual  rate  of 
two  and  one-half  million  sets.    That's 


goes    up    and   up    and   up    to    nearly 
three  times  that  many. 

Then  there's  exchange  cable.  Haw- 
thorne started  from  behind  scratch 
on  this  much  needed  commodity.  Be- 
fore the  war,  Hawthorne  and  the 
Kearny  plant  divided  production  of 


These  truck  loads  of  switches  are  to  become  parts  in  the  Bell  System's  expanding 

dial  central  office  installations 


the  maximum  rate  ever  produced  in 
peace-time. 

It  means  that  in  the  hurried,  wor- 
ried year  of  1945 — two-thirds  a  war 
year,  one-third  a  peace  year — West- 
ern planned  to  deliver  to  the  Bell 
System  over  a  million  telephone  sets. 
And   in    1946   the   delivery  program 


exchange  cable  for  the  Bell  System 
— divided  it  about  50—50.  Haw- 
thorne's cable-making  plant  was 
wiped  out  entirely  to  make  room  for 
war  work.  Now,  however,  they  are 
again  producing  cable  in  large  quan- 
tities, and  in  1946  expect  once  more 
to  be  supplying  their  half  of  the  Bell 
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System's  needs,  but  In  the  enlarged 
quantities  required. 

Take  dial  central  office  equipment. 
The  Bell  System  needs  great  quan- 
tities because  about  sixty  percent  of 
the  applications  for  service  held  by 
the  telephone  companies  are  held  due 


years  Immediately  thereafter  Haw- 
thorne expects  to  make  dial  equip- 
ment for  a  million  and  a  half  lines. 

That  is  the  "high  level"  program 
you  hear  about  In  all  parts  of  the 
Hawthorne  Works.  You  hear  It 
from  the  office  up  in  the  tower  of  the 


Switches  in  increasing  numbers  are  moving  through  the  soldering  and  testing  lines 

of  the  step-by-step  shops 


to    lack    of   central    office    equipment 
and  outside  plant. 

Western  has  accepted  the  commit- 
ment to  produce  dial  apparatus  for 
nearly  a  quarter  million  lines  In  1945. 
In  1946  this  will  be  quadrupled — ap- 
paratus for  more  than  a  million 
lines!      In    1947   and  in  each  of  the 


six-floor  Telephone  Apparatus  build- 
ing where  Mr.  Levlnger  works  all 
the  wav  to  the  boys  in  the  rod  and 
wire  mill. 

If  you've  got  manpower  shaped 
into  a  smooth  organization,  enough 
machines  and  tools,  and  an  adequate 
supply  of  materials,  you  can  launch 
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yourself  on  a  program  of  doubling 
or  tripling  your  production — pro- 
vided you  also  have  enough  space. 

Doubled  Production  Calls  for 
More  Space 

At  Hawthorne  they  didn't  have 
enough  space,  not  by  800,000  square 
feet;  but  the  receding  tides  of  war 
offered  the  solution.  It  was  the 
Studebaker  Plant  down  Cicero  Ave- 
nue several  miles  from  the  Haw- 
thorne Works — a  sprawling,  one- 
story,  windowless,  air-conditioned,  al- 
most-new factory  where  parts  were 
made  during  the  war  for  Army  air- 
plane motors. 

There  are  some  850,000  square 
feet  of  space  at  Studebaker.  While 
the  war  was  still  on,  rental  of  this 
plant  was  being  negotiated  to  help 
take  care  of  Hawthorne's  expanded 
war  manufacturing  needs.  Now  that 
peace  is  here,  they're  thanking  their 
lucky  stars  for  Studebaker;  for  the 
big  plant's  Hoor  space  is  where  ex- 
panded manufacture  and  assembly  of 
civilian  telephone  sets  will  be  done  in 
addition  to  war  equipment  manufac- 
ture that  continues. 

The  occupation  of  the  Studebaker 
Plant  is  only  a  single  move — although 
a  large  one — in  the  biggest  game  of 
"let's-rearrange-the-living-room"  you 
ever  heard  of! 

Bill  Timm  tells  the  story. 

Bill  is  a  manufacturing  layout  en- 
gineer, and  it  is  the  job  of  manufac- 
turing layout  engineers  to  plan  the 
physical  arrangement  of  the  facili- 
ties in  the  plant.  Bill  has  graying 
hair.  When  you've  heard  his  story, 
you'll  understand  why  he  goes  home 
from  work  and  relaxes  by  doing  prob- 
lems in  calculus. 


The  manufacturing  layout  engi- 
neer's problem  begins  with  the  need 
for  more  capacity  to  meet  the  high- 
level  cross-bar  and  telephone-set  pro- 
gram. 

Bill  Timm  &  Company  scan  the 
entire  Hawthorne  Works. 

Over  beyond  26th  Street  they  see 
a  big  six-story  building  with  a  one- 
story  extension.  On  the  Works  plan 
this  building  is  down  as  Building  175, 
but  people  around  and  about  call  it 
the  26th  Street  Building.  The  one- 
story  portion  houses  the  sheet  metal 
shop  and  metals  manufacture.  Be- 
fore war  pre-empted  most  of  this 
structure  with  radar  assembly,  test- 
ing, and  storage,  it  was  used  for 
switchboard  cable  manufacture  be- 
sides the  sheet  metal  operations. 

But  not  any  more !  This  is  where 
cross-bar  will  now  be  made.  The 
question  is:  where  shall  the  sheet 
metal  shop  be  moved? 

All  things  considered,  the  47th 
Street  Building  would  seem  to  be  the 
best  place  to  relocate  the  sheet  metal 
shop.  But  look  what's  already  in  the 
47th  Street  place!  There  is  (a) 
755-PBX's,  (b)  central  office  power 
board  equipment,  (c)  K-2  carrier 
systems,  and  (d)  a  shop  that  has 
been  making  coils  for  Government 
projects. 

To  begin  with,  the  manufacture  of 
power  board  equipment  has  got  to  be 
expanded  and  will  stay  right  here. 
But  the  PBX  job  is  located  here  only 
temporarily.  It's  due  to  go  back  to 
the  main  plant  as  soon  as  war  work 
is  sufficiently  cleared  out  there.  The 
K-carrier  job  transfers  to  the  Kearny 
plant.  This  just  about  fixes  up  the 
47th  Street  Building  to  receive  the 
sheet  metal  shop — except  for  the 
Government  coil  shop.     Fortunately 


1945 


Western  Electric  Tackles  the  Peace-time  Emergency 


167 


for  Bill  Timm,  that  shop  died  when 
the  war  ended. 

However,  there's  still  an  orphan 
around.  Remember?  Switchboard 
cable  used  to  be  made  back  in  Build- 
ing 1 7  ^  where  the  augmented  cross- 
bar job  now  is  located.  And  switch- 
board cable  is  something  we're  going 
to  need  in  very  considerable  quantity. 
Where  will  we  start  up  the  manufac- 


place  in  the  space  occupied  before 
the  war  by  telephone  set  manufac- 
ture. The  latter,  of  course,  is  slated 
for  the  Studebaker  plant. 

"Calculus,"    says    Bill    Timm,    "is 
relaxing." 

Preparations  for  Production 

And  so  you  can  see  the  kind  of  ring- 
around-a-rosy  that  goes  on   in   reor- 


MoRE  and  more  miles  of 
wire  are  spinning  off 
Western  Electric's  ma- 
chines every  day.  This 
one  simultaneously  tins 
12  bare  copper  wires 
which  become  a  protec- 
tive braiding  over  rub- 
ber insulated  conductors 


Scenes  from  all  three  of 
Western  Electric's  prin- 
cipal Works — Kearny, 
N.  J.,  and  Point  Breeze, 
Md.,  as  well  as  Haw- 
thorne— are  among  the 
photographs  which  illus- 
trate this  article 


ture  of  that? 

The  answer  lies  in  Building  106. 
Time  was,  before  the  war,  when  this 
vast  single-story  structure  housed  the 
manufacture  of  telephones  along  with 
several  other  things.  But  war  filled 
up  Building  106  with  gun  directors, 
computers,  and  other  needed  tools  of 
the  combat  forces.  However,  the 
war  work  there  is  done  now  and  the 
switchboard  cable  work  can  take  its 


ganizing  a  war  manufacturing  plant 
such  as  Hawthorne  was. 

Nothing  has  been  said,  however, 
of  the  details  of  the  job — the  ques- 
tions which  must  be  answered,  like: 

— how  many  machines? 

— what  type? 

— how  many  people? 

— number  and  type  of  benches? 

— will  a  given  shop  operate  one 
shift,  two,  or  three? 
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— what  about  flow  of  materials 
and  finished  parts?  Conveyors? 
Aisle  space  required? 

When  dozens  of  questions  like 
these  are  answered,  it's  time  to  make 
a  model  floor  plan  of  each  "new" 
location.  Templates  representing  the 
actual   floor   space   required  by   each 


build  and  install  everything  needed. 
And  to  all  of  this  add  the  prob- 
lems of  raw  material  supply  and  of 
personnel  training  (at  Hawthorne 
they're  doing  the  unprecedented 
thing  of  operating  training  facili- 
ties in  three  shifts,  around  the  clock), 
and  you  gain  a  sketchy  idea  of  the 


Eight  weather-proofed  textile-wound  wires  are  being  painted  with  quick  drying 
lacquer,  passed  through  a  drying  duct,  and  taken  up  on  the  reels  in  the  foreground 


machine  and  bench  are  cut  and  fitted 
into  a  miniature  plan.  After  this 
comes  the  "write-up"  and  the  job 
description,  so  everybody  will  know 
where  to  put  what,  how  to  lay  out 
the  power  circuits  of  various  volt- 
ages, the  water,  the  lighting;  build 
cranes,  tools,  conveyors.  Then  it's 
the   millwrights'    turn   to   go    in   and 


complexity  of  the  Hawthorne  change- 
over program. 

Yet  these  are  merely  preparations 
for  production.  Manufacture  starts 
from  scratch.  There's  nothing  in  the 
hopper  in  the  way  of  piece  parts  with 
which  to  make,  in  turn,  the  sub-as- 
semblies and  the  final  assemblies  of 
telephones,   for  instance.     The  piece 
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parts  must  be  manufactured  first;  and 
you  can't  make  piece  parts  until  the 
raw  materials  are  converted  into 
wire,  strips  of  metal,  rods,  and 
shapes  of  many  kinds. 

For  instance — ringer  coils. 

The  sound  of  the  telephone  bell  is, 
perhaps,   the  most  easily  recognized 


coarse  by  comparison.  So  fine  is  it 
that  women  capable  of  fine  needle- 
work invariably  are  selected  to  op- 
erate the  machines  which  wind  the 
coils,  eight  at  a  time,  upon  a  "stick," 
Skip,  if  you  wish,  the  problems  of 
re-locating  the  winding  machines,  of 
combing  the  plant  for  women  quali- 


This  is  one  ot  the  big  stranding  machines  which  turn  out  telephone  cable.     At  one 
loading  it  holds  wire  enough  to  stretch  as  a  single  strand  from  Chicago  to  Denver 


symbol  of  telephone  service. 

One  of  the  things  that  makes  the 
telephone  ring  is  a  pair  of  coils  of 
tightly  wound  wire,  each  coil  about 
I  ^  inches  long.  The  wire  in  the 
coil  is  one  of  the  thinnest,  most  deli- 
cate copper  strands  found  anywhere 
in  the  telephone  plant.  It  is  39- 
gairge — and  a  horse  hair  is  thick  and 


fied  to  do  the  coil  winding  job,  of 
training  them.  Look  only  at  the  pro- 
duction record : 

On  the  first  day  that  the  machines 
and  people  were  ready  to  go,  exactly 
ten  "sticks"  of  coils  were  wound. 
That's  eighty  coils,  or  enough  for 
forty  telephones. 

That  first  day  was  a  Monday.    On 
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the  fourth  Monday  afterwards  some 
1029  "sticks" — 8,232  coils — were 
wound.  Same  machines,  same  girls, 
same  kind  of  coils.  A  pretty  produc- 
tion picture,  you  say?     Well,  it  is. 

But  where  did  the  tiny  wire  come 
from  that  they  made  into  coils? 

Hawthorne's  wire  mill  supplies  the 
answer,    and    their   production    story 


Yet,  on  that  fourth  Monday  in  the 
coil  winding  shop,  output  was  only 
one-third  of  what  the  production  pro- 
gram says  it  is  to  be  when  every- 
thing is  going  full  tilt. 

And  a  ringer  coil  is  only  one  of 
429  parts  which  go  to  make  up  the 
combined  dial  telephone  set. 

Obviously,    the    major    and   minor 


Carrier  systems  will  play  an  increasingly  important  part  in  the  nation's  growing 
telephone  network.     Carrier  panels  are  here  being  assembled 


matches  the  coil  winding  story. 

Think  for  a  minute  of  the  opera- 
tion in  the  wire  mill.  There  they 
tell  you  that  a  pound  of  copper  spun 
©ut  into  39-gauge  wire  is  25,040  feet 
long.  It  takes  900  pounds  of  this 
wire  to  make  8,232  coils.  That's 
22I/2  million  feet  of  wire,  some  4,260 
miles  of  it  to  be  produced — daily! 


production  feats  being  performed  ev- 
ery day  at  Hawthorne  couldn't  be  ac- 
complished without  a  full  share  of 
devotion  to  the  ideals  of  Bell  Sys- 
tem service. 

Ralph  Price,  manager  of  the  cen- 
tral office  division  of  the  plant,  talks 
from  the  grass  roots  of  his  feeling 
when  he  stands  before  his  600  super- 
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visors — as  he  did  on  Tuesday  eve- 
ning, September  25 — and  says:  "We 
can  have  only  one  answer  to  a  request 
from  the  Bell  System,  and  that's 
'Here  it  is!'" 

The  same  idea  was  voiced  another 
way  by  another  Hawthorne  man — 
nobody  now  remembers  who — help- 
ing to  do  the  rush  job  of  transport- 


lament,  "if  only  the  engineers  could 
figure  some  way  to  give  us  power,  we 
could  run  this  thing  all  night  on  the 
truck." 

Or,  there  is  the  story  about  the 
Bodine  press  that  broke  down. 

This  press  takes  a  little  piece  of 
steel  the  size  of  a  .22  calibre  bullet 
and  crimps  it  on  the  end  of  a  three- 


Telephone  bells,  being  added  here  to  the  assembly  of  the  instrument  base,  will  ring 
for  more  and  more  customers  in  coming  weeks 


ing  a  vital  machine  from  the  St.  Paul 
plant  to  Hawthorne.  The  machine 
punched  out  parts  at  St.  Paul  until 
the  whistle  blew  Saturday  night,  was 
ripped  up  by  the  roots  for  the  400- 
mile  truck  trip  to  Hawthorne,  was 
installed  Sunday,  and  was  punching 
'em  out  again  on  Monday  morning. 
"If  only,"  the  man  was  heard  to 


inch  snip  of  steel  wire.  The  result  is 
known  as  a  clapper  ball  assembly. 
It's  the  gadget  that  strikes  the  tele- 
phone bell. 

According  to  Joe  Podzimek,  who 
is  chief  of  the  machine  and  finishing 
department,  the  main  bearing  of  the 
press  burned  out  one  Saturday,  just 
fifteen    minutes    before    the    whistle. 
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The  maintenance  folks  came  on  the 
run,  took  one  look,  and  said  it  was  a 
three-day  job  to  tear  down  the  ma- 
chine and  replace  the  bearing. 

On  hand  at  Hawthorne  were 
enough  clapper  balls  to  supply  the 
telephone  assembly  lines  for  eight 
days;  but  there  weren't  any  to  speak 


At  this  point  on  the  final  assembly  con- 
veyor, telephones  become  complete  in- 
struments— destined  to  relieve  in  increas- 
ing numbers  the  war-born  shortage  which 
has  deprived  many  families  of  the  service 
they  desired 


of  at  St.  Paul,  where  the  rate  of  as- 
sembly was  greater  than  at  Haw- 
thorne. There  were  enough  pieces, 
if  spread  between  both  places,  to  keep 
the  lines  going  a  day  and  a  half — 
that  would  be  Monday  and  Tuesday, 
up  to  about  noon. 

It  might  be  expected  by  some  that 
the  repair  job  would  be  under  way 


Monday  morning;  and  along  about 
Thursday  noon  supplies  of  clapper 
balls  would  again  be  in  the  assembly 
line  hoppers.     Only  two  days  lost! 

But,  of  course,  what  happened  was 
that  three  men  called  up  their  wives 
that  Saturday  evening  and  said,  "See 
you  later."  They  worked  all  night. 
On  Sunday  two  men  worked  all  day. 
They  compressed  the  three-day  job 
into  less  than  two — and  the  machine 
started  to  work  as  usual  bright  and 
early  Monday  morning. 

Maybe  Joe  Podzimek's  boys  fig- 
ured, simply,  "Can't  hold  up  produc- 
tion.    We'll  work  tonight." 

But  a  telephone  company  man 
would  figure  it  this  way:  "Two  days 
of  telephone  production  saved  means 
11,800  more  telephones;  that's  11,- 
800  people  who  get  telephone  service 
two  days  earlier." 

Joe  Podzimek  doesn't  think  the 
broken  press  story  is  worth  printing. 

"Why  that  sort  of  thing  goes  on 
all  the  time  around  the  plant,"  he 
protests  .  .  .  which  only  makes  the 
story  bigger  and  brighter. 


in    the 
a   ma- 


Engineering  Is  Humming 

One  of  the  tensest  spots 
whole  of  Hawthorne  hasn't 
chine  in  it — and  won't  have. 

It's  the  section  which  houses  the 
equipment  engineering  branch,  a  tre- 
mendous, long  room  lighted  brightly 
by  windows  on  both  sides  and  filled 
to  the  walls  with  busy  people. 

Hundreds  of  flat-top  desks  crowd 
together  in  ranks  and  rows.  Some 
600  engineers  and  draftsmen  are  in 
this  branch  now,  but  double  this  num- 
ber will  be  required  to  handle  the 
high-level  program  which  faces  Haw- 
thorne. 

It   is   big,    this   section.      A   long- 
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legged  man  walking  naturally  takes 
fifty-eight  seconds  to  go  the  length 
of  it.  But  the  astonishing  thing  is 
that  here  are  blue  prints  and  records 
for  all  dial  central  offices  in  the  Bell 
System. 

Somewhere  in  this  room  is  at  least 
one  man  who  knows  the  equipment 
layout  of  any  Bell  dial  central  office 
in  the  land  you  care  to  pick  out.  He 
knows  it  in  intimate  detail — the 
specifications  of  its  apparatus,  ar- 
rangement of  its  circuits,  everything. 
He's  got  the  prints,  which  are  con- 
tinually kept  in  agreement  with  the 
working  plant. 

If  catastrophe  should  strike  that 
dial  office  at  noon,  by  the  time  a  call 
got  through  to  Hawthorne,  work 
could  be  under  way  on  its  duplication. 

Nowadays  the  engineers  here  face 
the  Herculean  task  of  going  step-for- 
step  with  each  telephone  operating 
organization  as  central  office  addi- 
tions or  rearrangements  are  engi- 
neered and  built  in  this  post-war 
period.  Central  offices  are  tailor- 
made  and  these  are  the  boys  with  the 
tape  measures,  the  pins,  and  the  scis- 
sors. If  Hawthorne  is  jumping  with 
activity,  then  these  engineers  vibrate  I 

Bill  Hannenberg,  division  equip- 
ment engineer,  is  a  calm  fellow;  but 
the  frown  lines  in  his  forehead 
deepen  when  he  explains  the  fix  the 
engineers  are  in. 

"Engineering,"  he  says,  "must  be 
six  months  ahead  of  the  shop.  So, 
at  the  start  of  this  production  race 
we  were  six  months  behind.  But 
we're  catching  up!" 


At  best,  this  story  about  Hawthorne 
offers  only  a  high-spot  picture  of  the 
people  there  and  how  they  are  coming 
around  the  corner  from  war  to  peace. 

They're  not  doing  it  with  mirrors 
or  tricks,  but  with  hard,  slugging 
work  sprinkled  with  imagination  and 
initiative.  It's  a  procedure  that  looks 
awfully  good  to  a  visitor. 

But  already  Mr.  Levinger,  like  a 
locomotive  engineer,  is  looking  back- 
ward at  the  critical  switch  in  the 
tracks  over  which  his  speeding  train 
is  still  pounding. 

He  says:  "At  Hawthorne,  we 
faced" — and  note  the  past  tense — 
"the  problem  of  how  to  produce 
quickly  the  greatest  volume  of  tele- 
phone equipment  the  Bell  System 
ever  needed  in  a  given  time.  Simul- 
taneously, we  had  to  get  in  gear  for 
the  future  expanded  high-level  pro- 
duction program. 

"The  fact  that  much  of  this  had 
to  be  done  under  the  stress  of  sud- 
den changeover  from  war  to  peace 
meant  greater  complications  con- 
fronting us,  in  that  the  plant  had  to 
be  largely  rearranged.  But  now 
we're  in  a  fair  way  to  meeting  our 
commitments." 

At  this  point  the  works  manager's 
eyes  swing  around  to  the  tracks 
ahead.   .   .   . 

"In  December  we  will  be  mighty 
close  to  old-time  levels  of  produc- 
tion. New  levels  will  be  reached 
next  year,  when  new  machines  will  be 
ready.  Then,  on  a  two  and  three 
shift  basis  six  days  a  week,  we'll  be 
on  the  high-level  highway." 


The  Bell  System  Has  a  Big  Job  in  Enabling  Thousands  of 

Soldiers  Returning  from    Overseas   to    Talk   with    Loved 

Ones  at  Their  Earliest  Opportunity 


That  First  Call  Home 


T.  Hunt  Clark 


There  is  bedlam  in  the  harbor. 
Whistles  are  blowing,  planes  circling 
overhead,  boats  bustling  through  the 
water,  and  bands  playing.  The 
stately  "Queen"  proceeds  calmly  and 
slowly  through  the  uproar.  But  her 
khaki-clad  passengers,  swarming  over 
decks  and  lifeboats,  are  far  from 
calm.  They  shout,  wave,  call  to  the 
girls  of  the  WAC  band  playing 
loudly  on  the  small  boat  steaming 
alongside  and  to  all  the  enthusiastic 
people  on  the  other  welcoming  craft 
swarming  around  the  great  vessel. 

Here  is  still  another  troop  ship  ar- 
riving from  Europe  with  those  boys 
who  have  not  seen  America  for  one, 
two,  three  years  or  more.  Up  the 
river  the  ship  is  warped  to  the  dock 
by  puffing  tugs,  the  gangplanks  are 
lowered,  the  victors  of  the  European 
war  start  stomping  ashore.  On  the 
pier  are  more  bands,  and  also  Red 
Cross  aides  handing  out  milk,  ice 
cream,  and  cookies.  Soon  the  sol- 
diers are  off  to  a  Disposition  Center 
(also  known  as  a  debarkation  camp), 
the  first  of  the  series  of  camps  on  the 


road  to  furloughs  and  other  Army 
duties  or — more  particularly  since 
V— J  day — back  to  civilian  life. 

Along  the  east  coast  are  four  ma- 
jor Disposition  Centers  to  which  the 
men  and  women  of  the  Army  first  go 
immediately  when  they  arrive  from 
Europe  by  boat.  These  are  Camp 
Myles  Standish,  Mass. ;  Camp  Shanks, 
N.  Y. ;  Camp  Kilmer,  N.  J.;  and 
Camp  Patrick  Henry,  Va.  Most  of 
the  service  men  returning  from  Eu- 
rope have  come  into  these  camps 
through  the  ports  of  Boston,  New 
York,  and  Norfolk.  Between  June 
I  and  October  i,  well  over  a  million 
service  men  have  passed  through 
these  camps.  While  some  men  of 
the  A.A.F.  have  been  flown  back, 
landing  principally  at  Bradley  Field, 
Conn.,  Mitchell  Field,  N.  Y.,  or 
Miami,  Fla.,  their  number  is  small 
as  compared  with  those  who  have 
come  home  through  those  three  ports. 

The  stay  at  the  Disposition  Cen- 
ters is  short:  only  12  to  48  hours. 
From  them  the  soldiers  are  trans- 
ported to  one  of  26  Personnel  Cen- 
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Steaming  past  the  towering  sky-line  of  lower  Manhattan,  the  "Queen"  heads  for  her 

berth  with  nearly  15,000  returning  troops  aboard — most  of  them  on  deck  tor  the  first 

sight  of  their  welcoming  and  grateful  country  in  many  long  and  weary  months 


ters  which  are  located  throughout  the 
country.  Each  man  is  sent  to  the 
Personnel  Center  which  is  nearest  his 
home  and  there,  after  going  through 
various  steps  of  "processing,"  lasting 
one  to  three  days,  they  either  receive 
a  furlough  before  further  assignment 
or  are  discharged. 

Freedom  of  the  Camp 

On  arrival  at  the  Disposition  Cen- 
ter, the  various  groups  march  to  their 
barracks.  Next  they  are  given  a  fine 
meal,  of  which  beefsteak  is  frequently 
the  "piece  de  resistance."  Then 
comes  "briefing"  by  ofl^icers  on  the 
regulations  of  the  camp  and  the  steps 
in    their    processing,    new    uniforms. 


and,  finally — the  freedom  of  the 
camp. 

This  is  it — the  long-awaited  first 
opportunity  to  telephone  home.  The 
rush  to  the  nearest  telephones  is  a 
sight  to  behold — and,  of  course,  a 
challenge  to  the  resourcefulness  and 
ingenuity  of  the  telephone  company 
to  see  that  their  calls  go  through  as 
quickly  as  possible. 

By  far  the  most  popular  spots  in 
the  camp  are  the  attended  public  tele- 
phone centers — perhaps  six  or  seven 
in  number — which  are  conveniently 
located  in  the  various  areas  and  are 
now  ready  to  start  completing  those 
all-important  "first  calls  home." 
Even  if  there  were  no  sign  posts  and 
the  men  had  not  been  furnished  with 
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maps  of  the  camp  showing  the  loca- 
tion of  the  telephone  centers,  all  a 
soldier  need  do  would  be  to  follow 
the  crowd  and  he  would  arrive  at  a 
telephone  center. 

These  centers  are  in  regular  Army 
buildings  which  have  been  made 
available  to  the  telephone  company. 
Inside,    the    boys    find    comfortable 


ing  for  ingenuity  and  perhaps  for  the 
help  of  others  to  bring  the  called 
person  to  a  telephone,  the  attendants 
and  operators  at  the  telephone  cen- 
ter take  great  satisfaction  in  putting 
it  through,  since  they  know  how  im- 
portant it  is  to  the  soldier  making  it. 
The  soldier  gives  the  details  of  his 
call  to  one  of  the  counter  attendants. 


Between  "shipments"  at  a  Disposition  Center:  flower  boxes  for  color,  benches  for 
comfortable  waiting,  signs  and  flood  lights  for  easy  identification 


chairs  and  benches,  telephone  direc- 
tories, telephone  booths,  a  commer- 
cial manager  and,  behind  a  counter, 
a  row  of  pleasant,  helpful  girls  ready 
to  record  their  calls  and  pass  them 
to  the  switchboard  operators  for 
completion.  Whether  a  call  be  to  a 
point  near  by  or  far  distant,  whether 
it  be  simple  to  complete  or  one  call- 


Then,  after  an  interval  which  may 
be  brief  or  sometimes  long,  over  a 
loudspeaker  comes  the  announcement, 
"Private  Carter,  calling  Akron,  take 
booth  six,  please."  Eagerly,  or  per- 
haps with  anxious  heart,  the  soldier 
hurries  to  booth  six,  closes  the  door 
upon  his  first  moments  of  contact 
with  home — and  out  over  the  wires 
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go  magic  words  which  are,  most 
typically,  "Hello,  mom!  I'm  back!" 
It  takes  very  little  imagination  to 
picture  what  these  telephone  calls 
mean  to  the  soldiers.  Just  watch  the 
eager  expressions  on  their  faces  as 
they  dash  for  a  booth.  Look  at  their 
half  tearful  smiles  as  they  talk  with 
the  folks  at  home  or  to  their  sweet- 


one  of  the  most  effective  ways  to  ac- 
complish this  is  to  have  adequate  tele- 
phone facilities  available.  That  first 
call  home  means  a  great  deal  to  sol- 
diers who  have  been  serving  overseas 
for  many  months  and  Its  Importance 
as  a  morale  factor  cannot  be  over- 
estimated." 

To  serve  the  men  arriving  at  one 


Inside  a  telephone  center,  pleasant  attendants  record  the  calls  and  hand  the  tickets 

back  to  the  operating  positions 


hearts.  And,  finally,  see  their  air  of 
satisfaction  after  they  have  finished 
talking.  The  commanding  officer  of 
a  Disposition  Center  recently  said  on 
a  radio  broadcast:  "A  vital  part  of 
our  activity  here  is  to  maintain  the 
high  morale  of  returning  veterans 
while  they  await  transportation  to 
the  next  stop.     We  have  found  that 


of  these  Disposition  Centers  takes  a 
good  deal  of  equipment,  a  good  many 
people.  One  camp's  six  attended  cen- 
ters have  37  switchboard  positions, 
144  booths,  148  trunks.  There  are 
10  Commercial  camp  managers  on 
public  telephone  activities;  a  Traffic 
manager;  nine  chief  operators;  280 
Traffic    operators,     clerks,     cashiers^ 


178 


Bell  Telephone  Magazine 


AUTUMN 


and  supervisors — all  adding  up  to  a 
total  of  about  300.  This  number 
does  not  include  the  many  Plant  De- 
partment people  who  do  the  installa- 
tion and  maintenance  work  at  the 
Disposition  Center.  Add  to  this  the 
people  and  facilities  at  the  other  Dis- 
position Centers  and  I^ersonnel  Cen- 
ters— and  serving  the  returning  sol- 


and  some  had  lists  of  calls  to  make 
for  their  buddies  who  were  still  over- 
seas. The  load  that  such  concen- 
trated calling  throws  upon  the  tele- 
phone facilities  at  the  camp,  nearby 
toll  offices,  and  the  network  of  long 
distance  lines  is  tremendous.  Dur- 
ing this  period  as  many  toll  calls  were 
handled  at  the  carnp  as  are  normally 


Photographed  during  a  period  of  light  use,  this  picture  illustrates  the  comfortable 
furnishings  and  friendly  atmosphere  in  the  telephone  centers 


diers  becomes  a  very  sizeable  under- 
taking. 

Recently  28,800  men  were  received 
at  one  of  these  camps.  They  were 
^'processed  out"  by  the  Army  and 
were  on  their  way  to  Personnel  Cen- 
ters within  24  hours.  But  during 
those  24  hours  nearly  every  man 
wanted    to    make    a    telephone    call, 


handled  in  the  same  period  by  the  toll 
office  of  a  city  the  size  of  Columbus, 
O.,  or  New  Orleans.  Under  condi- 
tions such  as  these  there  are,  of 
course,  unavoidable  delays  on  some 
calls;  but  the  telephone  companies  set 
out  to  see  that,  as  far  as  it  is  physi- 
cally possible,  every  man  who  wants 
to  make  a  call  will  have  the  oppor- 


1945 


That  First  Call  Home 


179 


tunity  to  place  it  and  get  it  through 
before  he  leaves  the  camp. 

The  telephone  companies  distrib- 
ute booklets  to  the  men  coming  into 
these  camps  which  tell  them  what  is 
provided  at  the  camp  in  the  way  of 
public  telephone  facilities.  Generally 
a  map  of  the  camp  is  included,  show- 
ing the  locations  of  the  telephone  cen- 


crowded  while  other  centers  are  not. 
Where  this  happens,  cars  or  buses 
are  provided  to  transport  men  who 
have  not  yet  filed  their  calls  to  the 
less  crowded  centers.  There  are  also 
arrangements  whereby  the  central  of- 
fice trunks  coming  into  the  camp  can 
be  redistributed  among  the  switch- 
boards at  the  centers  to  provide  ad- 


Telephgn'E  directories  for  many  cities  help  to  speed  calls  by  number — and  give  the 
men  a  feeling  of  being  really  close  to  home 


ters  and  also  of  other  camp  service 
buildings. 

In  some  of  the  large  Disposition 
Centers,  the  telephone  centers  may 
be  quite  widely  separated,  in  order  to 
locate  them  conveniently  throughout 
the  entire  camp  area.  It  sometimes 
happens,  therefore,  that  certain  of 
the    telephone    centers    will    become 


ditional  outlets  at  the  busier  centers. 
The  telephone  centers  are  kept 
open  as  long  as  there  are  men  back 
from  overseas  who  want  to  place 
calls.  This  requires  24-hour  service 
on  some  days  at  some  or  all  of  the 
centers,  and  a  large  complement  of 
switchboard  operators,  attendants, 
camp  managers,  and  supervisory  per- 
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Camp  Mvles  Standish 


sonnel  to  work  In  shifts  around  the 
clock. 

What  It  Takes 

Let  us  see  what  goes  on  behind  the 
scenes  at  a  Disposition  Center,  from 
the  telephone  standpoint,  when  a 
large  shipment  of  men  is  about  to 
come  into  port.  The  returning  sol- 
diers of  the  last  shipment  left  yester- 
day for  various  Personnel  Centers, 
and  at  present  the  camp  is  relatively 
deserted.  The  camp  manager,  a 
telephone  company  Commercial  em- 
ployee assigned  to  spend  his  full  time 
at  the  camp,  has  been  maintaining 
close  liaison  with  the  camp  Signal 
Officer.  The  Signal  Officer  has  been 
and  is  helpful  in  many  ways,  and  he  is 
intensely  interested  in  doing  every- 
thing he  can  to  assist  the  company  in 
providing  the  best  possible  public 
telephone  service  for  the  home-com- 
ing soldiers.  He  is  probably  as 
proud  as  the  telephone  people  them- 
selves of  the  spacious,  attractively 
furnished  telephone  centers,  which  he 
was  instrumental  in  obtaining,  and  he 
Is  appreciative  too  of  the  interest 
shown  by  all  the  telephone  men  and 
women  who  work  at  the  camp. 

The  Signal  Officer  now  informs 
the  camp  manager  that  the  "Queen" 
is  scheduled  to  arrive  at  the  port 
some  time  in  the  morning  of  the  day 
after  tomorrow,  and  that  five  other 
smaller  transports  are  also  due  about 
the  same  time.  He  says  that  15,000 
out  of  20,000  men  arriving  in  port 
are  scheduled  to  come  to  this  camp — 
information  he  has  received  from  the 
Army  Transportation  Corps. 

With   this   information   the   camp 


Booklets   inform   the  men   about  the  telephone  service  provided   for  them,  and 
suggest  how  they  may  use  it  most  satisfactorily 
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manager  and  his  Traffic  and  Plant 
Department  colleagues  begin  to  set 
up  tentative  schedules  for  assistance 
at  the  telephone  centers.  All  of  the 
centers  will  be  open  until  probably 
midnight  on  the  day  the  boys  arrive 
in  camp  and  some  will  be  open  all 
night.  Arrangements  are  made  to 
insure  that  there  are  enough  Com- 
mercial people  on  hand.  The  Traffic 
Department  begins  setting  up  tours 
of  duty  for  additional  operators  and 
attendants  at  the  camp  and  at  near- 
by toll  offices.  The  Plant  Depart- 
ment makes  a  re-check  to  be  sure  the 
equipment  is  in  good  working  order. 

During  the  afternoon  of  the  dav 
before  the  ships  are  due,  the  Trans- 
portation Corps  is  able  to  set  a  fairly 
definite  time  at  which  they  will  dock; 
and  later  it  may  furnish  a  detailed 
schedule  of  the  arrival  of  trains  and 
buses  at  the  camp,  with  the  number  of 
men  in  each  convoy.  The  Army  is 
also  able  to  state  the  numbers  of 
men  who  are  scheduled  to  proceed  to 
the  various  Personnel  Centers.  This 
gives  a  good  indication  of  what  will 
be  the  geographical  pattern  of  the 
calling,  since  the  men  go  to  the  Cen- 
ters nearest  their  homes.  If  it  ap- 
pears from  this  information  that 
there  will  be  a  concentration  of  call- 
ing to  the  Southwestern  states,  for 
example,  circuit  rearrangements  are 
made  wherever  possible  to  help  han- 
dle the  load,  to  augment  the  tele- 
phone paths  leading  to  that  section 
of  the  country;  and  plans  are  made 
to  insure  that  the  necessary  operat- 
ing force  is  on  duty  at  the  toll  switch- 
ing points  along  the  way. 

With  these  data  at  hand,  final  ar- 
rangements for  scheduling  telephone 

A  MAP  of  the  camp  is  usually  included  which  shows,  among  other  points,  the  locations 

of  telephone  centers 
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personnel  are  made.  On  the  morn- 
ing of  the  expected  troop  arrival,  the 
telephone  forces  begin  converging  on 
the  camp  by  train,  bus,  and  automo- 
bile. The  skilled  work  of  operating 
the  switchboards  in  the  telephone 
centers  is  necessarily  done  by  trained 
Traffic  employees.  In  addition  to 
the  regularly  assigned  telephone  com- 
pany people,  there  are  others  who 
have  answered  the  telephone  com- 
pany's appeal  for  part-time  help : 
women  from  telephone  central  offices, 
from  women's  clubs  and  civic  or- 
ganizations, and  others  reached 
through  newspaper  advertising,  who 
have  felt  a  tug  at  their  heartstrings 
when  they  learned  that  more  and 
more  help  was  needed  at  the  near-by 
camp  to  enable  the  telephone  com- 
pany to  give  service  to  the  boys  com- 
ing home.  Telephone  company  men 
who  have  other  regular  duties  are 
there  also  to  help  in  every  way  pos- 
sible. 

So,  when  the  first  train  loads  of 
joyous  soldiers  arrive,  some  two  or 
three  hundred  telephone  people  are 
either  at  the  camp,  ready  to  give 
service,  or  are  prepared  to  take  over 
in  the  later  shifts. 

And  then  the  rush  begins! 

The  Sergeant  Is  Bashful 

Here  is  a  dialogue  typical  of  many 
which  might  be  heard  at  any  tele- 
phone center  in  a  Disposotion  Center : 

A  lanky  sergeant  comes  up  to  the 
counter  where  a  girl  is  recording  the 
details  of  the  calls  the  men  want  to 
make.     She  smiles  and  says: 

"Where  do  you  wish  to  call,  Ser- 
geant : 

"Out  near  Tulsa,  Oklahoma, 
ma'am,  but  s'far  as  I  know  there's 


no  telephone  near  where  my  gir — 
where  the  party  liv^es." 

"Is  there  anyone  who  lives  near 
enough  to  bring  her  to  the  telephone 
— perhaps  a  grocery  store  or  a  neigh- 
bor?" 

"Well,  there's  a  general  store 
'bout  a  mile  from  the  farm — they  al- 
ways were  pretty  nice  'bout  calling 
folks  to  the  phone — only  I  can't  re- 
member the  name  of  it  to  save  my 
life.  You  see,  I  was  only  there  just 
once." 

"What  town  would  it  be  in?" 

"A  little  place  called  Durham." 

"And  what's  the  name  of  the  party 
you  wish  to  call?" 

"Miss  Mary  Smith,  ma'am." 

"We'll  try  to  locate  her  for  you, 
Sergeant.  It  may  take  a  little  time 
but  we'll  do  the  best  we  possibly  can." 

"Thanks  a  lot.  You  know,  I'm 
not  even  sure  if  she  still  lives  in  the 
same  place." 

"We'll  give  you  a  report  anyway. 
And  don't  be  discouraged — we've 
completed  calls  here  that  looked  a 
lot  less  likely  than  yours." 

"You  will  be  takin'  a  great  load 
off  my  mind  if  you  can  locate  my — 
my— 

"That  wouldn't  be  'sweetheart' 
you're  trying  to  say,  would  it.  Ser- 
geant?" 

"That  is  just  the  trouble,  ma'am. 
You  see,  I've  been  away  so  long  and 
the  last  time  I've  heard  from  her  was 
over  a  month  ago.  So  I  don't  rightly 
know  just  how  things  stand." 

The  operator  tries  to  get  informa- 
tion from  the  general  store  in  Dur- 
ham but  the  telephone  doesn't  an- 
swer. The  operator  in  Durham 
reaches  the  proprietor  at  his  home 
and  he  says  that  Miss  Smith  is  visit- 
ing Mrs.  William  Jones  in  the  tow^n. 
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"We're  trying  to  get  Miss  Smith 
at  the  residence  of  Mrs.  Jones. 
They  are  ringing  now." 

"Gosh,  I  remember  Mrs.  Jones. 
Slie  must  be  there." 

"We  have  Miss  Smith  now.  Booth 
No,  3,  Sergeant." 

"Geronimo!  Look  out  below, 
here  I  come !" 


and  tlie  men  arc  encouraged  to  use 
them  before  fihng  their  calls.  A 
great  percentage  of  the  calls  have  to 
be  placed  by  name  and  address,  none 
the  less,  since  many  of  the  men,  away 
for  a  long  time,  have  forgotten  the 
number  they  wish  to  call — sometimes 
even  their  own  home  telephone  num- 
ber.    Also,  many  of  the  families  and 


During  busy  evening  hours,  outside  benches  are  popular  with  men  waiting  for  their 
calls.     Loudspeakers  summon  them  inside  when  their  calls  are  ready 


The  Persona!  Touch 

Telephone  calls  placed  by  num- 
ber can  be  completed  faster  than 
when  only  the  name  and  address  are 
given.  So  the  camps  have  compre- 
hensive libraries  of  directories  cover- 
ing the  larger  cities  of  the  country, 


friends  of  the  men  have  moved  since 
they  went  overseas  and  are  perhaps 
"doubling  up,"  as  is  so  common  in 
wartime.  However,  the  camp  man- 
ager spends  a  good  part  of  his  time 
around  the  directory  racks  helping 
the  men  to  find  the  listings  they  want. 
The    camp    managers    and    other 


1 84 


Bell  Telephone  Ma^azi7ie 


AUTUMN 


company  representatives  circulating 
among  the  men  are  very  busy  people 
at  these  times.  They  move  through 
the  crowd,  answering  question  and  be- 
ing of  assistance  to  the  men  in  every 
possible  way.  So  many  of  the  men 
don't  realize  that,  even  though  their 
family  does  not  have  a  telephone  or 
they  don't  know  the  number,  in  most 
cases  the  call  can  be  completed  some- 
what in  the  manner  of  the  sergeant's 
call  just  described. 

The  prime  job  of  the  managers 
and  their  assistants  is  to  provide  a 
personal  relationship  between  the 
soldiers  and  the  telephone  company, 
to  explain  the  special  measures  taken 
by  the  company  to  provide  the  best 
service  possible,  and,  when  necessary. 


to   give   the    reasons   for   delays    on 
some  calls. 

Many  human  interest  stories  could 
be  told  of  the  day-to-day  (or  night- 
to-night)  life  of  the  telephone  people 
at  these  camps.  A  soldier,  to  cite 
just  one  instance,  had  been  for  some 
time  slumped  dejectedly  in  a  chair  in 
the  center — a  signal  that  here,  per- 
haps, was  a  chance  to  be  of  some  spe- 
cial service.  The  camp  manager  en- 
gaged him  in  friendly  conversation 
and  the  soldier  finally  told  him  that 
he  had  to  call  the  parents  of  a  buddy 
who  had  been  killed  in  action,  and  he 
dreaded  it  beyond  words.  The  man- 
ager suggested  that  they  consult  the 
Chaplain,  and  the  upshot  was  that 
the  Chaplain  made  the  call  for  the 


A  COMFORTABLE  BUS,  clearly  marked,  takes  men  to  less  crowded  centers  where  their 
turns  may  come  and  their  calls  be  completed  more  quickly 
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Here  are  some  of  the  245  operators  and  attendants  who  render  service  at  the 

telephone  centers  in  one  camp 


boy.  As  the  two  left  the  center,  the 
boy  said,  shaking  the  manager's  hand, 
"Thanks  a  million!  And  say,  Don 
Ameche  certainly  invented  a  wonder- 
ful toy!" 

At  the  Personnel  Centers,  to  which 
the  soldiers  go  from  the  Disposition 
Centers,  the  conditions  are  some- 
what less  strenuous.  The  men  are 
there  several  days,  they  have  more 
free  time  in  which  to  make  their 
calls,  and  most  have  already  made 
that  exciting  first  call  home.  Yet  the 
telephone  centers  with  which  all  of 
these  camps  are  provided  also  han- 
dle their  quotas  of  joyful  calls: 

"Hello,  mom!  Fm  just  twenty 
miles  from  home — I'm  on  my  way!" 

"Hi,  sweetheart!  I'm  shipping 
out  tomorrow  morning  and  the  train 
is  due  in  at  4  P.M.  You'll  be  at  the 
station  ? — Swell  1" 


It  has  taken  foresight,  ingenuity, 
and  near-miracles  to  meet  this  chal- 
lenge of  producing  more  booths, 
switchboards,  circuits,  operators,  at- 
tendants— to  mention  a  few  items — 
in  the  face  of  war-time  shortages. 
But  it  had  to  be  done  and,  somehow, 
it  was.  The  Long  Lines  Department 
made  two  circuits  grow  where  but 
one  had  grown  before.  The  Asso- 
ciated Companies  scoured  their  terri- 
tories for  booths,  telephones,  and 
switchboards  with  which  to  provide 
so  important  a  service.  Intensive 
recruiting  campaigns  brought  addi- 
tional people  from  inside  and  out- 
side the  Bell  System  to  lend  their  ef- 
forts to  getting  the  calls  through  for 
returning  soldiers. 

Shortly  after  V-E  day,  three  Bell 
System  regional  conferences  were 
held  at  which  the  expected  problems 
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and  the  ways  and  means  of  meeting 
them  were  discussed.  They  were  at- 
tended by  Headquarters  and  Asso- 
ciated Company  people  from  the 
Commercial,  Traffic  and  Information 
Departments,  and  by  representatives 
of  Long  Lines.  It  was  recognized 
that  extraordinary  measures  would 
have  to  be  taken  if  the  System  was  to 
get  through  the  calls  that  all  these 


in  the  Pacific  Theater,  considerably 
larger  numbers  of  Army  men  will  be 
returned  to  this  country  in  the  months 
immediately  ahead,  to  both  the  east 
and  west  coasts,  than  was  anticipated 
last  summer.  In  addition,  the  Navy 
has  started  its  demobilization,  and 
has  designated  stations  all  over  the 
country  as  primary  receiving  points 
and  as  separation  stations.     The  As- 


'Hello  Mom — I'm  back!" 


boys  would  want  to  make  in  the  short 
time  they  would  be  in  camp. 

While  there  already  were  attended 
telephone  centers  at  most  of  these 
camps,  between  May  i  and  Septem- 
ber I  the  number  of  centers  was  in- 
creased from  49  to  71  and  attended 
telephones  from  600  to  946  in  the 
four  large  Disposition  Centers  on  the 
east  coast  and  in  the  23  Personnel 
Centers  which  are  in  Bell  System  ter- 
ritory. 

With    the    cessation    of    hostilities 


sociated  Companies  are  setting  up 
similar  attended  public  telephone  cen- 
ters at  these  locations. 

Of  the  many  tremendous  tasks 
which  the  Bell  System  has  accom- 
plished, in  the  face  of  scarcities  of 
materials  and  facilities  and  help,  since 
war  first  loomed  black  on  the  hori- 
zon, none  has  had  greater  thought, 
attention,  and  whole-hearted  interest 
than  the  provision  of  public  telephone 
service  for  the  men  and  women  of 
the  armed  forces. 
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Until  the  bright  days  of  victory, 
so  recently  come,  the  great  need  was 
at  the  hundreds  of  camps  and  train- 
ing centers  throughout  the  country 
where  the  outlook  was  toward  Eu- 
rope and  the  Pacific.  Now,  and  sud- 
denly, millions  of  men  are  looking 
and  coming  toward  home.  It  brings 
new  problems  to  the  nation's  tele- 
phone system — some  of  which  have 
been  sketched  here.  Some  of  them 
are  most  difficult  to  meet,  mainly  be- 
cause there  are  not  enough  long  dis- 
tance circuits  in  existence  to  handle 
as  promptly  as  the  telephone  com- 
panies would  like  the  calls  of  thou- 


sands of  men  all  anxious  to  hear 
some  loved  voice  at  the  first  possible 
moment. 

Perhaps  this  account  lias  made  it 
evident  also  that  the  System  is  doing 
and  will  keep  on  doing  its  utmost,  in 
spite  of  real  and  continuing  obstacles, 
to  enable  these  returning  veterans  to 
make  what  are  to  them  just  about  the 
most  important  calls  in  the  world.  It 
is  a  big  job.  And  it  won't  be  finished 
until,  many  months  hence,  stepping 
into  a  booth  at  a  camp  telephone  cen- 
ter, the  last  man  back  makes  his  first 
call  home. 


Whos  Who  &  What's  What 

(Continued  from  page  135) 

In  1916  he  came  East  to  be  engineer  in 
the  Traffic  Department  of  Long  Lines, 
and  in  192 1  he  joined  the  commercial  di- 
vision of  the  Department  of  Operation  and 
Engineering  of  the  A.  T.  &  T.  Co.  From 
1925  to  1928  he  was  general  commercial 
manager  of  the  Southern  California  Tele- 
phone Company  at  Los  Angeles,  returning 
to  A.  T.  &  T.  in  the  latter  year  as  sales 
and  development  engineer.  Since  1930  he 
has  been  special  services  engineer  in  the 
O.  &  E.  commercial  division,  and  is  con- 
cerned with  new  equipment  and  special 
services,  program  transmission,  Govern- 
ment contracts,  and  similar  matters. 

(Photographs  on  pages  189  and  190  by 
courtesy  of  Transcontinental  and  Western 
Air  Inc. ;  other  illustrations  by  courtesy  of 
the  Civil  Aeronautics  Administration.) 


Taken  all  together,  the  various  kinds 
of  facilities  which  the  Bell  System  has  for 
transmitting  various  kinds  of  messages  add 
up  to  an  impressive  array ;  whatever  the  in- 
telligence to  be  sent  by  electricity,  the 
means  exist  for  handling  it.  H.  I. 
RoMNES  describes  the  particular  capabili- 
ties of  different  types  of  circuits,  and  their 
respective  places  in  a  comprehensive  system 
of  communication.  For  seven  years,  be- 
ginning in  1928,  Mr.  Romnes  was  a  mem- 
ber of  the  technical  staff  of  Bell  Tele- 
phone Laboratories,  where  he  was  engaged 
on  a  variety  of  developments.  In  1935  he 
joined  the  transmission  section  of  the  De- 
partment of  Operation  and  Engineering  of 
the  A.  T.  &  T.  Company.  His  experience 
since  then  with  the  many  phases  of  voice 
and  carrier  toll  systems  led  to  his  appoint- 
ment early  this  year  as  head  of  the  toll 
group  in  the  transmission  section. 


The  Civil  Aeronautics   Administration   Controls  Flights 

Over  35^000  Miles  of  Federal  Airways  Through  Facilities 
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While  the  huge  airliner,  fully  laden 
with  passengers,  air  mail,  and  air  ex- 
press, cruises  along  at  close  to  200 
miles  an  hour  on  the  last  hundred 
miles  of  its  transcontinental  journey, 
its  captain  hears  in  his  earphones  the 
reassuring  "dah-dit"  of  the  radio 
beam,  telling  him  that  he  is  safely 
on  his  course.  As  he  approaches 
Metuchen,  New  Jersey,  a  conspicu- 
ous yellow  light  flashes  on  his  instru- 
ment panel  and  he  hears  another 
radio  signal,  informing  him  that  he 
is  over  the  radio  marker  at  Metuchen 
which  gives  him  the  exact  location  on 
his  course  regardless  of  weather  con- 
ditions or  time  of  day. 

Now  he  throws  the  key  of  his 
radio  transmitter  and  speaks  to  the 
radio  operator  of  his  company  at  the 
airport :  "Fifty-eight — Metuchen — 
O  Eight — Three  Thousand — Coney 
One  Three — La  Guardia  One  Eight." 
From  the  radio  operator  he  receives 
this  response:  "Roger — Fifty-eight 
— M  e  t  u  c  h  e  n — O  Eight — Three 
Thousand — Coney  One  Three — La 
Guardia  One  Eight — Kollsman  Thir- 


ty Twenty-three."  The  captain  re- 
plies :  "Roger — K  o  1 1  s  m  a  n  Thirty 
Twenty-three,"  and  switches  off  his 
radio. 

In  this  conversation  over  the  radio 
telephone  between  the  airplane  and 
the  flight  superintendent's  oflice  on 
the  ground  the  captain  of  the  plane 
has  told  his  radio  operator  at  the 
airport  that  his  ship.  Flight  Number 
58,  was  over  Metuchen  at  8  minutes 
after  the  hour  (in  this  case  i  P.  M.)  ; 
that  he  was  flying  at  an  altitude  of 
3,000  feet;  that  he  expected  to  ar- 
rive over  Coney  Island,  the  next 
check  point,  at  13  minutes  after  i 
P.M.  and  over  La  Guardia,  his  ter- 
minal airport,  at  18  minutes  after  i 
P.M.  The  airport  radio  operator's 
"Roger"  told  the  captain  that  he  un- 
derstood the  message,  and  he  then 
repeated  it  for  checking  purposes  and 
added  the  information  that  the  ba- 
rometer reading  at  the  airport  was 
30:23.  This  the  captain  acknowl- 
edged, and  repeated  for  checking, 
and  he  then  adjusted  his  altimeter  to 
the  Kollsman  reading  to  be  sure  that 
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he  knew  his  exact  altitude.  The  ra- 
dio operator  at  the  airport  made  a 
written  record  of  this  information 
and  immediately  reported  it  to  the 
traffic  control  office  of  the  Civil  Aero- 
nautics Administration,  which  super- 


the  captain  advises  the  radio  opera- 
tor that  he  is  "changing  over";  that 
is,  switching  to  the  radio  frequency 
of  the  control  tower  at  La  Guardia 
Field,  which  assumes  control  of  the 
plane  for  landing,  gives  the  captain 


A  COMMERCIAL  plane's  officcrs  have  ready  contact  by  radio  telephone  with  the 

C.A.A.  control  tower  while  at  and  near  the  airport,  and  with  the  office  of  their 

company's  flight  superintendent  at  other  times  during  flight 


vises  the  flights  of  all  airplanes  flying 
over  the  Federal  airways. 

Over  Coney  Island,  the  next  check 
point  on  the  route,  a  similar  proce- 
dure is  followed  except  that  after  the 
interchange  of  information  between 
the   captain   and   the   radio   operator 


the  necessary  information  as  to  wind 
direction  and  velocity,  barometric 
pressure,  other  nearby  planes  in  the 
air,  and  directs  him  to  the  proper  run- 
way at  La  Guardia  Airport.  After 
he  lands  and  taxis  to  the  position  as- 
signed to  him,  he  switches  back  to  his 
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own  radio  operator  and  reports  his 
time  of  landing. 

Thousands  of  messages  of  this 
type  fill  the  air  today  and  they  all 
have  to  do  with  the  operation  safely 
and  "on  schedule"  of  more  than  500 
commercial   transport  planes   and 


the  principal  measures  of  the  ade- 
quacy and  efficiency  of  the  C.A.A. 
communications  facilities  and  its  gen- 
eral system  of  control  is  the  fact  that 
a  recent  Annual  Report  of  the  Civil 
Aeronautics  Administration  shows 
that  the  passenger  fatalities  per  100,- 


• 

i 


This  young  woman,  a  radio  telephone  operator  for  a  commercial  air  line,  is  conversing 
with  a  pilot  in  the  air  and  recording  his  report 


thousands  of  military  aircraft  oper- 
ating on  scheduled  flights  over  more 
than  35,000  miles  of  Federal  air- 
ways. Back  of  these  messages  is  the 
elaborate  communication  system  and 
the  efficient  personnel  of  the  Civil 
Aeronautics  Administration.     One  of 


000,000  passenger  miles  flown  by 
commercial  airlines  has  decreased 
from  1 1.2  in  1936  to  2.1  in  1944. 
In  the  same  period,  airplane  flights 
along  the  Federal  airways  have  mul- 
tiplied many  times  over. 

This  extensive  and  efficient  traffic 
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control  system  of  the  Civil  Aeronau- 
tics Administration  has  grown  from 
a  modest  beginning.  Scheduled  air 
transportation  in  the  United  States 
may  be  said  to  have  started  in  191 8, 
when  the  Post  Office  Department 
opened    the    first    air-mail    route    be- 


way  between  Chicago  and  Cheyenne 
was  equipped  with  revolving  light 
beacons,  and  over  this  route  the 
world's  first  regular  night  air-mail 
service  was  inaugurated  on  July  i, 
1924. 

In  February,  1925,  the  Postmaster 


Air  traffic  at  and  near  the  airport  is  controlled  by  radio  telephone  from  this 

C.A.A.  control  tower 


tween  Washington  and  New  York. 
Army  planes  and  Army  pilots  were 
used  in  this  initial  undertaking,  and 
flying  was  done  only  in  the  daytime 
and  in  good  weather.  In  1922  the 
Post  Office  Department  undertook 
experiments  in  night  flying.     The  air- 


General  was  empowered  to  make 
contracts  with  commercial  airplane 
companies  for  carrying  the  mail. 
This  quickly  attracted  private  capi- 
tal, and  a  number  of  air  transport 
companies  were  organized  and  start- 
ed   operations    within    the    next    two 
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years.     In  September,  1927,  the  Post  charged    with    the    responsibility    of 

Office    Department    turned    the    air-  providing   navigational    aids    and    of 

mail  business  over  to  the  commercial  regulating  and  controlling  civil  flying, 

airlines.  This  agency  took  immediate  steps  to 


This  diagram  of  the  Atlanta  airways  traffic  control  area  illustrates  the  layout  of  the 

C.A.A.  interphone  network 


Beginnings  of  the  C.A.A. 

In  May,  1926,  before  the  com- 
mercial airlines  took  over  the  air- 
mail operations.  Congress  passed  the 
Air  Commerce  Act,  which  for  the 
first  time  put  all  civil  aviation  under 
Federal  cohtrol.  The  Airways  Di- 
vision of  the  Bureau  of  Lighthouses 
of  the  Department  of  Commerce  was 
created     at     that     time,     and     was 


provide  light  and  radio  beacons 
along  all  airways  and  also  to  estab- 
lish radio  stations  for  communicating 
with  airplanes  in  flight.  The  present 
authority  for  air  traffic  control  Is 
vested  In  the  Civil  Aeronautics  Ad- 
ministration, now  an  independent  di- 
vision of  the  Department  of  Com- 
merce. 

The  functions  of  the  C.A.A.  con- 
sist  principally   of   certifying   planes 
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and  commercial  and  civilian  pilots; 
establishing,  equipping,  and  maintain- 
ing Federal  airways;  gathering  de- 
tailed information  regarding  the 
weather  and  issuing  frequent  weather 
forecasts;  providing  information  to 
airplanes  about  landing  conditions 
and  other  air  traffic;  providing  navi- 
gational aids;  and  exercising  control 
of  take-offs  and  landings  at  airports 
and  of  flights  by  instruments  over 
the  Federal  airways. 

There  are  two  major  divisions  in 
the  control  of  air  traffic:  Kirway 
Traffic  Control,  which  exercises  su- 
pervision over  the  airways  between 
cities;  and  Kwport  Traffic  Control, 
which  exercises  control  at  and  in  the 
vicinity  of  the  airport.  The  C.A.A. 
has  always  had  the  first  division  un- 
der its  supervision.  Before  the  war, 
local  airport  authorities  controlled 
the  airport  traffic,  but  with  the  out- 
break of  hostilities  the  military  au- 
thorities asked  the  C.A.A.  to  take 
over  and  control  the  traffic  at  more 
than  100  airports. 

From  the  beginning,  the  C.A.A. 
system  of  air  traffic  control  has  been 
built  around  adequate  communica- 
tions. The  Bell  System  was  called 
upon  about  the  middle  of  1928  to 
provide  private  line  teletypewriter 
service  between  Hadley  Field  in  New 
Jersey  and  Cleveland  Airport  in 
Ohio,  including  many  intermediate 
points.  Within  a  year  this  service 
was  extended  to  Chicago,  and  the 
service  was  used  both  for  collecting 
and  disseminating  weather  informa- 
tion and  for  reporting  the  where- 
abouts of  planes  and  their  departures 
and  arrivals. 

The  C.A.A.  concluded,  however, 
that   for  the   dispatching,   operation, 


and  control  of  airplanes  in  flight, 
private  line  telephone  service  was 
much  superior  to  private  line  tele- 
typewriter service,  since  it  provided 
direct  voice  communication.  Conse- 
quently, plans  were  formulated  to  es- 
tablish traffic  control  centers  at  a 
number  of  important  airports,  from 
which  private  telephone  lines  would 
radiate  to  various  points  at  the  air- 
port and  to  other  airports  within  the 
area  over  which  a  traffic  control  cen- 
ter would  have  jurisdiction.  These 
inter-exchange  private-line  telephone 
circuits  have  been  designated  as  "in- 
terphone circuits"  by  the  C.A.A.,  and 
by  that  term  they  are  now  commonly 
known. 

All  inter-exchange  interphone  cir- 
cuits are  designedly  "party  lines,"  to 
which  telephones  at  several  locations 
are  connected.  To  give  all  stations 
on  a  line  continuous  access  to  the 
information  passing  over  It,  a  con- 
stantly actuated  loud  speaker  Is  con- 
nected at  each  location,  but  Is  so  ar- 
ranged that  lifting  the  associated 
hand-set  telephone  automatically  cuts 
It  off.  At  the  traffic  control  centers 
and  at  some  outlying  points  the  lines 
are  terminated  in  key  equipment,  spe- 
cially developed  for  the  job  by  the 
Bell  Telephone  Laboratories,  which 
permits  quick  selection  of  any  one  of 
several  lines  for  either  calling  or  an- 
swering. Signaling  from  the  outlying 
points  to  the  traffic  control  center  is 
provided  by  means  of  push  buttons 
which  operate  buzzers  and  signal 
lights  before  the  traffic  attendants  at 
the  control  center. 

A  Wartime  Emergency 

Three  traffic  control  centers  had 
been  established  by  July,  1936.  By 
June,   1 94 1,  a  few  hundred  miles  of 
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interphone  circuits  had  been  installed 
and  14  traffic  control  centers  were  in 
operation,  at  Atlanta,  Chicago,  Cin- 
cinnati, Cleveland,  Detroit,  Fort 
Worth,  Los  Angeles,  New  York, 
Pittsburgh,  St.  Louis,  Salt  Lake  City, 


ters,  at  Albuquerque,  Boston,  Den- 
ver, Great  Falls,  Jacksonville,  Kan- 
sas City,  Memphis,  Minneapolis,  and 
San  Antonio;  and  called  for  not  only 
the  installing  in  these  nine  traffic  con- 
trol centers  of  the  types  of  equipment 


Special  key  equipment  and  control  boards  in  a  C.A.A.  airways  traffic  control  office 


San  Francisco,  Seattle,  and  Washing- 
ton. 

As  the  Germans  ravaged  Europe 
and  the  Battle  of  Britain  reached  its 
height,  the  situation  in  this  country 
grew  increasingly  tense,  and  during 
the  Summer  of  1941  the  C.A.A.  sum- 
moned representatives  of  the  Bell 
System  to  confer  upon  a  program 
calling  for  a  major  expansion  of  its 
activities — and  an  even  greater  ex- 
tension of  its  communication  system. 
This  program  included  the  establish- 
ment of  nine  more  traffic  control  cen- 


already  described  but  for  the  pro- 
vision of  ^0,000  more  miles  of  inter- 
phone circuits.  The  time  schedule 
required  completion  by  June  i,  1942 
— somewhat  less  than  a  year. 

Then,  while  the  design,  manufac- 
ture, and  installation  were  proceed- 
ing according  to  that  time-table,  the 
Japanese  attacked  Pearl  Harbor — 
and  that  blow  altered  the  situation 
completely.  For  now  the  nation  was 
at  war,  and  the  needs  of  aviation 
and  the  importance  of  Federal  air- 
ways and  communications  for  airway 
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control  were  immeasurably  enhanced. 
Again  System  representatives  were 
called  to  Washington.  The  previous 
schedule  was  thrown  overboard  and 
in  its  place  the  C.A.A.  set:  the  short- 
est possible  time.  It  was  a  challenge 
— and  one  superposed  on  all  the 
other  requirements  for  more  and 
more  circuits  and  equipment  of  a 
country    suddenly    plunged    in    war. 


only  the  new  but  also  the  existing 
traffic  control  centers,  and  the  Sys- 
tem's Associated  Companies  had 
placed  it  in  operation.  They  and  the 
Long  Lines  Department  had  built 
thousands  of  miles  of  new  physical 
circuits  and  installed  hundreds  of 
equipments  to  create  additional  thou- 
sands of  miles  of  carrier  circuits.  In 
territories    which     concerned     them, 


The  teletypewriter  section  of  a  C.A.A.  airways  traffic  control  office 


Yet  by  the  following  Spring  the  seem- 
ingly impossible  had  been  accom- 
plished. The  Western  Electric  Com- 
pany had  made  the  additional  special 
equipment  required,  including  many 
hundreds    of    loudspeakers    for    not 


independent  telephone  companies 
played  their  constructive  part.  The 
need  for  private-line  teletypewriter 
service  was  no  less  urgent,  and  the 
provision  of  thousands  of  miles  of 
these   facilities  was  carried   forward 
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at  the  same  time.  It  was  a  war  job, 
done  under  great  pressure — and  to 
the  expressed  gratification  of  the 
C.A.A. 

It  could  not  hav^e  been  done  in  that 
short  time,  nor  done  without  greater 
difficulties,  but  for  the  continuously 
helpful  and  constructive  attitude  of 
the  C.A.A.  representatives  concerned 
with  communications  requirements. 
From  that  organization's  inception 
they  have  worked  in  friendly  co- 
operation with  telephone  people  to 
solve  their  problems  and  to  provide 
the  facilities  which  their  service  to 
America's  aviation  demands. 

Bell  System  Facilities 

Two  MORE  traffic  control  centers — 
Miami  and  New  Orleans — were  es- 
tablished early  in  1945,  making  25 
in  all.  The  Bell  System  is  now  fur- 
nishing to  the  C.A.A.  about  50,000 
miles  of  inter-exchange  private-line 
telephone  (interphone)  circuits.  Of 
this  mileage,  some  26,000  miles  is 
provided  by  the  Associated  Com- 
panies and  24,000  by  the  Long  Lines 
Department. 

The  C.A.A.  is  also  using  94,000 
miles  of  private  line  teletypewriter 
circuits.  The  largest  part  of  these 
private  line  teletypewriter  circuits  is 
furnished  by  the  Long  Lines  Depart- 
ment; some  mileage  is  furnished  by 
the  Associated  Companies;  and  the 
Western  Union  Telegraph  Company 
also  provides  one  network. 

About  62,000  miles  of  teletype- 
writer circuits  are  used  exclusively 
for  gathering  and  disseminating 
weather  information  required  for 
the  safe  operation  of  the  airways. 
Weather  information  is  gathered 
hourly  from  about  550  weather  ob- 
servation points.     After  it  has  been 


analyzed  and  interpreted,  weather 
forecasts  are  broadcast  over  the  tele- 
typewriter lines  to  about  350  points 
for  the  use  of  the  C.A.A.  representa- 
tives, commercial  airways  companies, 
the  military  departments,  private 
pilots,  and  others  who  may  be  af- 
fected. The  rest  of  the  private  line 
teletypewriter  circuits  are  used  pri- 
marily for  traffic  control  purposes, 
supplementing  the  interphone  net- 
work especially  for  communications 
between  non-adjacent  traffic  control 
centers. 

As  already  noted,  the  interphone 
circuits  are — with  few  exceptions — 
multi-station  lines  serving  several  air- 
ports, with  a  number  of  stations  at 
each  airport.  These  are  located  at 
airport  control  towers,  C.A.A.  com- 
munication offices,  offices  of  the  com- 
mercial air  lines.  Army  and  Navy  lo- 
cations, weather  bureau  offices,  etc. 
Over  the  interphone  lines  is  trans- 
mitted information  inward  to  the 
traffic  control  centers  from  outlying 
airports  about  the  movement  of  air- 
planes: that  is,  plans  for  projected 
flights,  the  time  of  arrivals  and  de- 
partures, the  location  of  planes  in  the 
air,  and  other  pertinent  information 
regarding  flights.  Outward  from  the 
traffic  control  center  are  transmitted 
operating  instructions  to  the  C.A.A. 
and  commercial  airlines  offices  at  dis- 
tant airports,  to  be  relayed  by  radio 
telephone  directly  to  the  planes  in 
flight  or  on  the  ground  at  the  air- 
ports. 

Through  special  switching  equip- 
ment provided  at  intermediate  points 
between  traffic  control  areas,  adja- 
cent control  centers  can  communicate 
directly  with  each  other.  In  a  few 
cases,    direct    private    line    telephone 
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circuits  are  in  service  between  adja- 
cent traffic  control  centers. 

The  circuits  furnished  for  the  in- 
terphone network  are  carefully  engi- 
neered, since  transmission  must  be 
clear  and  distinctly  understandable 
even  under  noise  conditions  which 
may  prevail  at  many  locations.     As 


cuits  are  furnished  to  the  C.A.A.  in 
considerable  quantities,  where  it  has 
offices  at  airports.  At  traffic  control 
centers  these  facilities  are  also  con- 
nected into  the  same  key  equipment 
as  the  interphone  circuits.  At  traffic 
control  centers  each  of  these  local 
lines  is  usually  equipped  with  a  dial 


x^N  AIRPLANE  VIEW  of  a  C.A.x'\.  very-HigH-frequency  radio  station 


an  additional  precaution,  the  C.A.A. 
has  specified  that  the  key  equipment 
at  traffic  control  centers  be  so  de- 
signed as  to  connect  automatically 
with  equipment  for  recording  for  fu- 
ture reference. 

In  addition  to  the  interphone  net- 
work, local  private  line  telephone  cir- 


to  enable  the  station  to  select  the 
particular  key  equipment  position  de- 
sired and,  if  needed,  arrangements 
can  be  made  for  connecting  all  of  the 
local  stations  in  conference.  At  many 
airports,  local  multi-station  private 
lines  are  also  provided  which  are  not 
connected    with    the    traffic    control 
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equipment.  As  in  the  case  of  the  in- 
terphone circuits,  each  of  the  stations 
on  these  private  lines  is  equipped 
with  a  loud-speaker  which  is  nor- 
mally actuated  and  a  hang-up  tele- 
phone set  which,  when  used,  automat- 
ically disconnects  the  loud-speaker. 

The  Associated  Companies  also 
provide  many  control  channels  from 
airports  to  unattended  radio  stations, 
usually  three  or  four  miles  from  the 
airport,  at  which  various  types  of 
radio  equipment  are  installed.  Such 
stations  may  be  combined  radio  tele- 
phone and  radio  telegraph  equipment 
for  communicating  with  planes  in 
flight;  radio  range  stations  which 
emit  directional  signals  to  keep  pilots 
"on  the  beam";  radio  fan  markers 
which  transmit  their  signals  vertically 
and  give  pilots  a  definite  location  on 
the  airway;  radio  stations  emitting 
directional  signals  for  approach  con- 
trol and  for  blind  landings;  and  non- 
directional  radio  transmitters  emit- 
ting code  signals  used  with  radio  com- 
passes aboard  planes  for  "homing" 
purposes. 

The  remote  control  facilities  fur- 
nished the  C.A.A.  for  operating  these 
radio  stations  usually  consist  of  cir- 
cuits similar  in  transmission  charac- 
teristics to  private  line  telephone  cir- 
cuits, although  in  some  situations  cir- 
cuits with  wider  frequency  bands  are 
needed.     At  present  the  System  com- 


150  of  the  commercial  airports  are 
equipped  with  airport  control  towers 
which  exercise  control  of  the  air- 
planes on  the  ground  at  the  airport 
and  in  flight  within  a  few  miles  of  it. 
For  outbound  flights,  the  airport  con- 
trol towers  supervise  all  movements 
on  the  field,  giving  clearances  for  tak- 
ing off  and  furnishing  information 
about  other  air  traflic  which  might 
affect  the  particular  flight.  Planes 
inbound  to  the  airport  usually  call 
the  airport  tower  while  some  dis- 
tance away,  and  the  tower  assumes 
control  and  supplies  information  as 
to  weather,  landing  conditions,  when 
to  land,  run-way  to  use,  etc.  The 
C.A.A.  is  now  operating  about  105 
of  these  airport  control  towers;  50 
towers  are  handled  by  either  munici- 
pal or  military  personnel;  and  the  re- 
mainder of  the  commercial  airports 
do  not  have  suflicient  trafllic  to  war- 
rant control  towers. 

In  the  control  of  the  airplanes  of 
the  commercial  air  lines  operating 
within  the  United  States,  C.A.A.  air- 
way traflSc  controllers  do  not  deal  di- 
rectly with  the  pilots  of  the  planes, 
but  issue  instructions  to  them  through 
the  dispatchers  and  flight  superin- 
tendents of  the  air  lines  and  receive 
information  from  the  pilots  through 
these  oflicials.  The  C.A.A.  traffic 
controllers  do,  however,  deal  directly 
through    the    C.A.A.    radio    stations 


panics  are  providing  about  300  con-     with    military   planes    and   also   with 
trol  channels,   aggregating  about    i,-     private  planes  in  flight. 


250  circuit  miles. 

C.A.A.  Procedures 

There  are  now  about  250  com- 
mercial airports  and  about  35,000 
miles    of     Federal     airways     in     the 


The  C.A.A.  owns  and  operates 
most  of  the  facilities  used  to  com- 
municate with  airplanes  flying  to  and 
from  foreign  countries.  Radio  tele- 
phone and  radio  telegraph  stations 
for  this  purpose  are  located  at  vari- 


Unitcd  States.     There  are,  addition-     ous  points  along  the  Atlantic,  Pacific, 
ally,  many  military  airports.     About      and  Gulf  Coasts.     Planes  which  op- 
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erate  into  Canada  and  into  Mexico 
are  an  exception  to  this  general  rule, 
since  tiiis  traffic  is  operated  on  the 
same  basis  as  local  traffic  within  the 
United  States  as  far  as  communica- 
tions to  planes  in  flight  are  concerned. 
Radio  telegraph  is  used  almost  ex- 
clusively for  communicating  with  air- 
planes over  the  oceans  some  distance 
from  the  United  States  coast,  because 
at  present  telegraph  equipment  of  a 
given  weight  will  furnish  communica- 
tion   over    a    much    greater    distance 


planes.  Various  agencies  have  made 
estimates  from  time  to  time  of  the 
probable  post-war  development;  and 
while  these  vary  materially,  the  con- 
sensus anticipates  that  by  1950  there 
will  be  a  ten-fold  increase  in  com- 
mercial aircraft,  and  about  18  times 
as  many  private  aircraft.  It  is  also 
estimated  that  about  50,000  military 
aircraft  will  be  in  service  at  that  time. 
It  is  expected  that  in  the  early 
post-war  period  the  commercial  air 
lines  in  the  United  States  should  have 
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than  radio  telephone  equipment  of 
comparable  weight.  Most  of  the 
large  overseas  planes,  however,  are 
equipped  with  radio  telephone  equip- 
ment for  use  in  approaching  the 
coast  and  in  landing  at  or  leaving  air- 
ports. 

The  Present  Outlook 

Prior  to  the  war,  commercial  air 
lines  had  about  350  transport  planes 
in  domestic  service,  and  there  were 
about    25,000    privately    owned    air- 


close  to  1,000  planes  in  operation, 
with  a  seating  capacity  of  more  than 
36,000  passengers.  The  air  lines 
have  already  purchased  or  have  op- 
tions on  more  than  400  new  planes 
seating  more  than  23,000  passengers, 
and  many  of  these  new  planes  will  be 
four-engine  craft  having  speeds  of 
about  300  miles  per  hour,  enabling 
them  to  cross  the  continent  on  sched- 
uled operations  in  from  nine  to  ten 
hours.  The  new  planes  will  also 
have  greatly  enlarged  compartments 
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for  cargo,  including  mail  and  express. 
These  new  planes  range  from  craft 
with  a  capacity  of  14  passengers  and 
a  pay  load  of  about  2,200  pounds  for 
non-stop  flights  of  1,000  miles  up  to 
a  320,000  pound  craft  with  six  5,000 
horsepower  engines  carrying  204  pas- 
sengers and  a  pay  load  of  68,000 
pounds  for  non-stop  flights  of  3,000 
miles  at  a  cruising  speed  of  around 
340  miles  per  hour. 

It  is  obvious  that  with  aircraft  of 
the  size  now  foreseen,  airports  must 
be  more  commodious,  and  the  num- 
ber of  airports  needed  will  be  greatly 
increased.  It  is  also  expected  that 
the  present  35,000  miles  of  Federal 
airways  will  have  to  be  increased 
many  fold. 

The  C.A.A.  now  has  under  con- 
sideration various  plans  for  con- 
trolling air  traflUc  in  the  years  to 
come.  It  appears  to  be  the  view  of 
both  the  C.A.A.  and  the  commercial 
air  lines  companies  that  far  more 
automatic  features  must  be  intro- 
duced in  air  trafiic  control  than  have 
been  used  in  the  past.  Some  war  de- 
velopments, such  as  radar,  may  have 


a  wide  application,  and  will  insure 
greater  flying  safety  in  all  types  of 
weather.  Technicians  of  both  the 
commercial  air  lines  and  the  C.A.A. 
also  believe  that,  through  combina- 
tions of  wire  and  radio  facilities,  auto- 
matic block  signals  on  airplanes  are 
not  impossible  of  attainment. 

Whatever  developments  the  future 
may  bring  in  the  .size,  speed,  and 
range  of  airplanes.  Bell  System  com- 
munication facilities  will  continue  to 
play  a  major  part  in  controlling  their 
safe  and  orderly  comings  and  goings 
over  the  nation's  airways.  The  Sys- 
tem has  worked  with  the  C.A.A. 
since  its  early  days  and  small  begin- 
nings to  keep  its  communications  sys- 
tems adequate  to  all  requirements, 
rapidly  though  they  have  grown;  and 
the  System's  components — Labora- 
tories, Western  Electric,  Long  Lines, 
Associated  Companies,  Headquar- 
ters staff  consultants — give  assurance 
that  as  the  aviation  industry  strides 
ahead  in  the  years  to  come,  and 
the  Civil  Aeronautics  Administration 
keeps  pace,  the  necessary  means  of 
communication  will  be  at  hand. 


It  is  not  the  desire  of  the  management  of  the  company 
to  get  all  that  it  can  out  of  the  public;  it  is  the  desire  of 
the  management  to  get  enough  to  make  a  fair  return  to 
those  who  own  the  property,  to  have  a  fair  surplus  left 
beyond  that,  and  to  make  the  financial  structure  of  the 
system  so  stable  that  the  business  may  continue  indefi- 
nitely, that  our  securities  may  always  rate  as  investment 
securities,  and  that  we  may  continue  to  attract  capital  as 
needed  for  extension  of  the  business. 

From  an  address  by  the  late  Bancroft 
Gherardi,  former  A.  T.  &"  T.  Vice  President 
and  Chief  Engineer,  published  in  the  Bell 
Telephone  Qu.\RTERL^•  fur  October^   ig2£ 


IVhatever  the  Type  of  Intelligence  to  Be  Transmitted  by 

Electricity^  the  Bell  System   Has   Facilities  to  Carry  It 

Swiftly  to  Its  Destination 


The  Messages  Go  Through 
In  Many  Ways 

H.  L  Romnes 


"We  interrupt  this  program  for  a 
special  bulletin."  A  switch  to  the 
newsroom,  the  clatter  of  teletype- 
writers, an  excited  announcer:  "A 
Domei  dispatch  broadcast  by  Radio 
Tokyo  states  that  the  Japanese  Gov- 
ernment are  ready  to  accept  the  terms 
enumerated  at  Potsdam  .  .  .  with 
the  understanding  .  .  ."  So,  on 
Friday,  August  lo,  began  an  excit- 
ing drama  at  which  the  whole  world 
had  a  front  seat,  thanks  to  modern 
communications. 

"Flash!  .  ,  .  the  Japanese  offer 
on  its  way  to  Washington  has  been 
received  by  the  Swiss  Government." 

".  .  .  bulletin  .  .  .  Our  reply  to 
the  Japanese  offer  is  on  the  way  to 
Tokyo." 

"...  a  message  from  the  Japa- 
nese Government  .  .  .  full  accept- 
ance of  .  .  .  unconditional  surren- 
der." It  was  President  Truman  with 
the  long  awaited  words. 

The  drama  continued  to  unfold  be- 


fore our  ears  and  eyes.  The  arrival 
of  the  Japanese  emissaries  at  Manila 
— the  first  landings  in  Japan — the 
signing  of  the  surrender  documents 
in  Tokyo  Bay :  we  got  a  word  picture 
of  each  event  while  it  was  happening. 
A  few  hours  later,  photographs  of 
these  historic  scenes,  sent  by  radio 
and  wire  half  way  around  the  world, 
were  in  the  newspapers  to  illustrate 
the  stories  sent  by  teletypewriter  into 
every  newspaper  office.  Never  be- 
fore had  such  an  array  of  communi- 
cation facilities  been  used  to  carry 
the  news  of  a  war's  end  to  the  four 
corners  of  the  earth.  What  an 
astounding  contrast  with  the  War  of 
1 8 12!  Then,  the  news  of  the  peace 
treaty  traveled  so  slowly  that  the  big- 
gest battle  was  fought  weeks  after 
the  treaty  had  been  signed. 

The  development  of  communica- 
tions could  well  be  told  by  the  history 
of  such  occasions:  how  long  it  took 
to  get  the  news,  how  much  news  was 
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obtained,  how  it  was  carried.  For 
the  same  means  available  for  the  en- 
actment of  last  summer's  drama  stand 
ready  for  our  day-by-day  communi- 
cation needs,  whether  for  inviting 
friends  to  an  evening  of  bridge,  bring- 
ing us  beautiful  music  or  the  vivid 
play-by-play  account  of  a  ball  game, 
or  speeding  the  nation's  business 
transactions. 

In  all  these  fields  and  in  many 
others,  the  Bell  System  stands  pre- 
pared to  furnish  the  transmission 
path.  The  business  goes  far  beyond 
that  of  setting  up  telephone  connec- 
tions. It  embraces,  in  fact,  the  elec- 
trical transmission  of  many  forms 
of  intelligence :  speech,  a  typewritten 
page,  a  picture.  And  it  does  it  by 
many  means:  open  wire,  cable,  car- 
rier, radio — whichever  is  best  fitted 
to  do  the  job.  How  these  various 
forms  of  information  are  prepared 
for  electrical  transmission,  and  how 
the  various  means  used  for  transmis- 
sion fit  together  to  form  a  complete 
and  flexible  communication  system,  is 
a  story  of  Bell  System  accomplish- 
ment from  the  telephone's  early  days 
to  the  present — and  the  future. 

"Carried  to  the  four  corners  of 
the  earth"  is  a  trite  phrase,  but  sig- 
nificant. For  each  of  the  well-nigh 
countless  ways  in  which  intelligence 
is  conveyed  from  one  point  to  another 
involves  a  carrier  of  some  sort.  And 
in  each  case  this  intelligence  is  con- 
veyed by  changing  some  character- 
istic of  the  carrier.  Or,  to  be  tech- 
nical, we  vary  or  modulate  the  car- 
rier according  to  the  message  to  be 
sent — and  in  such  manner  that  it  may 
be  decoded  or  demodulated  at  the  re- 
ceiving end.  The  American  Indian 
used  a  smoke  column  as  his  carrier. 


and  by  modulating  this  into  puffs 
could  transmit  a  limited  amount  of 
intelligence.  Today,  a  great  deal  of 
intelligence  goes  by  mail:  the  paper 
itself  is  the  carrier,  which  is  modu- 
lated in  appearance  by  a  contrast  of 
the  paper's  color  with  that  of  the  ink 
or  pencil  with  which  the  message  is 
printed  or  written.  In  both  cases  the 
eye  is  the  demodulator,  and  it  de- 
codes the  message  almost  without 
conscious  thought  or  effort. 

In  the  telecommunications  business, 
the  electric  current  or  wave  is  the 
carrier.  It  is  modulated  in  various 
ways,  depending  upon  the  kind  of  in- 
formation to  be  sent.  The  modu- 
lated current  is  then  sent  by  wire, 
radio,  or  other  media  to  its  destina- 
tion, where  the  intelligence  is  restored 
to  its  original  form — whether  that  be 
speech,  a  picture,  or  something  else. 
The  character  of  the  transmitting 
path  does  not  depend  so  much  on  the 
kind  of  information  to  be  transmit- 
ted as  upon  how  much  and  how 
quickly. 

Modulating  the  Carrier 

The  most  common  method  of  im- 
pressing intelligence  on  an  electric 
current  is  by  varying  the  strength  of 
the  current.  The  simplest  form  of 
this  is  to  turn  the  current  on  or  off; 
operations  which  may  be  used  to 
transmit  signals  having  pre-arranged 
meanings.  For  example,  a  subscriber 
to  manual  telephone  service  by  lift- 
ing his  receiver  causes  a  current  to 
flow  in  the  line  and  light  a  lamp  in 
front  of  an  operator,  telling  her  that 
a  connection  is  desired.  The  line  cur- 
rent conditions  for  this  case  are  sug- 
gested by  Figure  lA. 

The  teletypewriter  is  another  form 
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of  apparatus  which  uses  on  and  of 
signals  to  convey  intelligence;  but 
now  instead  of  transmitting  on  and 
of  signals  moments  or  hours  or  even 
days  apart,  several  changes  from  one 
to  the  other  are  made  within  the  frac- 
tion of  a  second  required  to  send  a 
single  character.     Much  more  intelli- 


mit  each  character  (about  1/6  of  a 
second)  into  seven  intervals  and  send- 
ing or  interrupting  a  line  current  in 
each  interval  according  to  which 
character  is  to  be  printed  at  the  dis- 
tant point.  In  the  first  of  these  seven 
time  intervals  the  current  is  off,  and 
in  the  last  it  is  on,  to  indicate  the  be- 


on 


on 


jTnn_ri_n 


off 


-*- 


•N \ 


Pen 


■Vi  second 


iJ) 


Fig.  I.  The  frequencies  to  be  transmitted  depend  on  how  much  intelligence  is  to 
be  transmitted,  and  how  quickly.  These  sketches  illustrate  how  the  frequencies 
may  vary — from  a  very  few  per  second  for  a  simple  line  signal  to  nearly  50  per 
second   for   teletypewriter   transmission   and   to   several   thousand   per  second   for 

ordinary  speech 


gence  is  now  being  transmitted  than 
in  the  first  illustration,  where  current 
is  simply  turned  on  and  off  at  rela- 
tively long  intervals;  in  fact,  words 
are  being  recorded  at  the  distant 
point  at  the  rate  of  60  to  100  each 
minute.  An  intelligence-bearing  elec- 
tric current  is  created  in  this  case  by 
dividing  the  time  required  to  trans- 


ginning  and  end  of  a  character.  The 
other  five  intervals  determine  the  let- 
ter or  character  to  be  printed.  For 
example,  when  the  typewriter  key  for 
letter  P  is  pressed,  current  is  on  dur- 
ing intervals  2,  3,  and  5,  and  off  dur- 
ing intervals  i  and  4.  The  line  cur- 
rent carrying  the  word  "Pen"  may 
be  represented  as  in  Figure  IB. 
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A  current  bearing  the  spoken  word 
"Pen"  looks  like  the  picture  in  Fig- 
ure IC.  By  comparison,  we  see  not 
only  that  more  words  are  transmitted 
than  by  the  teletypewriter  in  the  same 
interval — two  to  four  a  second — but 
by  the  peaks  and  valleys  of  the  pic- 
ture we  might  surmise  that  those 
words  are  accompanied  by  important 


waves  striking  it.  The  resultant  line 
current  entering  a  receiver  at  the  dis- 
tant end  of  the  line  increases  and  de- 
creases the  pull  of  a  magnet,  causing 
the  receiver  diaphragm  to  move  back 
and  forth  and  thus  create  sound 
waves  in  the  air  which  reproduce 
the  original  speech. 

A    comparison    of    the    three    line 


A  MODERN  open-wire 
line.  Arranged  and  fully 
equipped  for  C-Carrier 
operation,  this  line  could 
provide  nearly  80  tele- 
phone circuits  and  40 
telegraph  channels. 
With  the  wires  more 
closely  spaced  and 
equipped  with  J-Carrier, 
the  capacity  of  the  hne 
could  be  made  even 
greater 


little  overtones  that  tell  us  whether 
it  is  Bill  or  John  speaking,  or  whether 
Mary  is  displeased  over  our  having 
"to  work  tonight."  Current  is  given 
this  speech-bearing  shape  by  means  of 
the  transmitter,  which  is  simply  a 
sound-operated  valve  that  allows 
more  or  less  current  to  flow,  depend- 
ing upon  the  strength  of  the  sound 


currents  in  Figure  i  indicates  that  the 
more  intelligence  to  be  transmitted 
in  a  given  length  of  time,  the  more 
rapidly  the  information-bearing  cur- 
rent must  vary.  A  variation  of  cur- 
rent from  a  low  value  to  a  higher 
value  and  back  again  is  known  as  a 
cycle.  If  such  a  cycle  occurs  in  i/ioo 
of  a  second,  then  100  cycles  may  be 
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transmitted  in  one  second,  and  the 
varying  current  is  said  to  have  a  fre- 
quency of  100  cycles.  Telephone 
speech  normally  requires  the  trans- 
mission of  frequencies  from  about 
200  cycles  to  3,000  cycles  per  second; 


second,  and  to  reproduce  faithfully 
such  instruments  as  the  trombone  or 
such  sound  effects  as  the  jingling  of 
keys  requires  frequencies  as  high  as 
8,000  cycles  and  more. 

This  leads  us  to  an  important  law 


A  TYPICAL  aerial  cable  line.     When  connected  to  a  K-Carrier  circuit  on  this  route, 

a  person  talks  over  a  voice  channel  in  one  of  these  two  cables  and  hears  words 

which  reach  him  over  a  channel  in  the  other 


that  is,  a  band  of  frequencies  about 
2,800  cycles  wide.  The  on  and  off 
signals  of  Figure  lA  require  very 
little  frequency  space.  The  teletype- 
writer signal  of  Figure  ib  requires 
a  frequency  band  of  about  45  cycles. 
The  transmission  of  music  for  radio 
network  broadcasting  uses  frequen- 
cies  up    to    about    5,000    cycles    per 


of  nature:  As  the  amount  of  intelli- 
gt'ftce  to  be  transmitted  in  a  given 
time  is  increased,  the  frequency  band 
widtli  required  is  increased  in  pro- 
portion. The  truth  of  this  law  can 
be  further  illustrated  by  describing 
and  comparing  the  transmission  of  a 
picture  by  telephotography  and  by 
television. 
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Telephoto  and  Television 

In  telephotography,  a  tiny  beam  of 
light  about  i/ioo  of  an  inch  across 
is  focused  on  the  picture  to  be  trans- 
mitted. The  light  reflected  from  the 
illuminated  spot  on  the  picture  is 
picked  up  by  a  photoelectric  cell, 
which  has  the  property  of  controlling 
the  amount  of  current  which  flows  in 
an  associated  line  in  proportion  to 
the  amount  of  light  which  strikes  it. 
This  spot  of  light  is  made  to  move 
across  the  picture  and  thus  "scan"  a 
strip  or  line  of  the  picture  i/ioo 
inch  wide;  it  then  scans  the  adjacent 
line  and  so  on  until  ev^ery  i/ioo  of 
an  inch  element  in  the  picture  has  had 
the  light  focused  upon  it.  In  effect, 
every  square  inch  of  the  picture  has 
been  divided  into  10,000  tiny  ele- 
ments, and  the  light  beam  focused  on 
each  one  in  turn.  If  the  element 
being  scanned  at  a  given  moment  is 
white,  a  relatively  large  amount  of 
light  is  reflected  to  the  photoelectric 
cell  which,  in  effect,  closes  a  valve  to 
reduce  the  amount  of  current  flow- 
ing in  the  line.  If  the  element  is 
black,  very  little  light  is  reflected  and 
the  valve  opens  to  allow  more  cur- 
rent to  flow.  For  intermediate  shad- 
ing, intermediate  values  of  current 
flow  in  the  line. 

At  the  receiving  end,  a  similar 
light  beam  moves  across  a  sensitive 
photographic  film,  and  exactly  in  step 
with  the  beam  at  the  sending  end. 
Passing  through  shutters  under  con- 
trol of  the  line  current,  the  receiving 
beam  for  each  picture  element  is  then 
made  to  vary  in  intensity  exactly  in 
proportion  to  the  shading  of  the  cor- 
responding element  of  the  picture 
being  transmitted.  Thus,  element  by 
element,  in  an  interval  of  a  few  min- 


utes, the  whole  picture  is  transmitted 
over  the  line.  The  exposed  film  is 
then  developed  and  prints  are  made 
as  in  ordinary  photographic  work. 

In  a  typical  telephoto  system, 
about  2,000  picture  elements  are 
scanned  each  second.  Since  one  ele- 
ment may  be  white,  the  next  dark, 
and  the  next  white,  the  line  current 
may  have  to  go  through  one  cycle 
for  each  two  picture  elements;  that 
is,  for  2,000  picture  elements  per 
second  a  frequency  up  to  1,000  cycles 
per  second  may  be  needed. 

The  television  process  is  similar, 
but  now  in  order  to  give  a  convinc- 
ing sense  of  motion,  30  complete  pic- 
tures per  second  are  transmitted;  and 
the  receiving  beam,  instead  of  strik- 
ing a  photographic  negative,  impinges 
on  a  sensitive  fluorescent  screen  to 
produce  a  visible  effect.  The  rapid 
succession  of  complete  individual  pic- 
tures required  to  give  a  sense  of  mo- 
tion is  identical  with  what  is  seen  on 
the  familiar  motion  picture  screen. 

A  4-BY-6-INCH  telephoto  picture  con- 
tains about  250,000  picture  elements, 
and  is  transmitted  in  about  two 
minutes.  Each  television  picture  of 
present-day  standards  likewise  con- 
tains 250,000  picture  elements,  but  it 
must  be  transmitted  in  1/30  of  a 
second.  That  is,  in  television  we 
transmit  picture  intelligence  about 
4,000  times  as  fast  as  in  telephotog- 
raphy. And,  in  accordance  with  the 
law  previously  stated,  we  would  ex- 
pect to  need  4,000  times  as  much  fre- 
quency space.  Which  is  exactly  the 
case,  for  the  telephoto  requires  a 
looo-cycle  channel,  as  compared  with 
one  of  about  4,000,000  cycles  needed 
for  television. 

A  communication  channel  may  thus 
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range   from  a   few  cycles  to  several  phone  conversations  normally  occupy- 

milllon    cycles    in    width,    depending  ing  the  band  between  200  and  3,000 

upon  how  much  intelligence  is  to  be  cycles    are    transposed    to    frequency 

transmitted  in  a  given  length  of  time,  bands    of    equal    width    in    different 

To  supply  this  variety  of  communi-  parts   of   the    frequency   scale;   these 

cation  needs,  the  Bell  System  makes  frequency  bands  are  then  stacked  one 

use  of  a  wide  variety  of  transmission  above     the     other     and     transmitted 

facilities.  simultaneously    over    a    channel    ca- 


A    Bell   System   control  room,   where  radio  program   transmission    networks  are 
checked,  and  programs  are  switched  on  split-second  schedule 


In  some  cases,  the  communication 
channel  having  the  desired  frequency 
band  is  given  the  exclusive  use  of  a 
pair  of  wires  or  a  radio  system.  In 
other  cases,  wide  frequency  bands  are 
transmitted  and  these  are  subdivided 
at  the  terminals  into  a  number  of 
channels,  each  of  which  has  a  width 
suitable  for  its  intended  use.  This  is 
done  by  means  of  the  carrier  system 
in  which,  for  example,  different  tele- 


pable  of  handling  the  total  band  in- 
volved. At  the  receiving  end,  the 
individual  bands  are  separated  from 
one  another  and  then  restored  to 
their  normal  frequency  of  200  to 
3,000  cycles. 

The  Open  Wire  Line 

The  earliest  means  for  electrical 
communication  was  the  open  wire 
line,  and  it  is  still  the  most  economi- 
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cal  method  of  providing  for  rela- 
tively small  numbers  of  telephone 
and  telegraph  circuits.  More  than 
150,000  miles  of  open  wire  pole  lines, 
carrying  2,600,000  miles  of  wire,  are 
used  in  the  Bell  System  for  long  dis- 
tance transmission  alone.  Open  wire, 
which  is  a  common  sight  along  roads 
in  rural  areas,  consists  of  individual 
copper  wires  about  Y^  inch  in  diam- 
eter, strung  six  to  twelve  inches  apart 
on  crossarms  mounted  on  poles. 
Where  very  few  circuits  are  needed, 
each  pair  of  wires  transmits  only  the 
frequencies  required  for  a  single 
speech  channel;  say  up  to  about  3,000 
cycles.  However,  the  frequency  band 
below  200  cycles  is  not  needed  for 
speech  transmission  and  may  be  used 
for  communication  channels  which 
require  only  a  narrow  band  of  fre- 
quencies— such  as  those  for  teletype- 
writer operation. 

As  THE  intelligence-carrying  currents 
travel  over  wires,  they  become  pro- 
gressively weaker  because  of  losses 
along  the  way  ("attenuation"  is 
the  technical  word),  and  as  the  fre- 
quency is  increased  the  losses  also 
increase.  For  the  frequencies  in- 
volved in  the  transmission  of  a  single 
speech  channel,  the  currents  can 
travel  over  open  wire  lines  for  150 
or  200  miles  or  more  before  they  are 
too  weak  to  actuate  a  receiver  satis- 
factorily. On  circuits  longer  than 
this,  amplifiers  using  vacuum  tubes 
similar  to  those  in  a  radio  receiver 
are  introduced  to  renew  the  strength 
of  the  speech  currents. 

A  whole  series  of  carrier  systems 
has  been  developed  to  increase  the 
number  of  telephone  channels  which 
can  be  obtained  from  a  pair  of  wires. 
Each  new  system  is  designated  by  a 


letter,  and  by  now  the  carrier  alpha- 
bet has  reached  "L."  One  of  the 
simplest  of  these  carrier  systems  is 
the  Type  H,  which  is  used  to  obtain 
one  additional  telephone  channel  on 
each  of  the  existing  pairs  of  wires. 
This  system  impresses  on  the  wires 
additional  frequencies  between  about 
3,000  and  10,000  cycles,  which  are 
above  those  used  by  the  telephone 
and  telegraph  circuits  already  op- 
erating on  the  wires.  By  means  of 
fairly  complex  equipment  In  central 
offices,  this  added  frequency  band  is 
divided  Into  two  parts,  each  about 
3,000  cycles  wide;  one  part  Is  used 
for  transmitting  speech  in  one  direc- 
tion and  the  other  for  the  opposite 
direction,  the  two  being  required  to 
provide  a  two-way  telephone  circuit. 

When  still  more  circuits  are  re- 
quired on  the  line,  particularly  If 
more  than  about  75  miles  long,  it 
becomes  economical  to  arrange  the 
wires  to  transmit  frequencies  up  to 
about  30,000  cycles  by  means  of  the 
Type  C  carrier  system.  Each  pair  of 
wires  on  which  this  system  Is  used 
provides  three  telephone  circuits  In 
addition  to  the  telephone  and  tele- 
graph circuits  already  operating  be- 
low 3,000  cycles.  One  or  more  of 
these  3,000  cycle  telephone  channels 
may  be  subdivided  into  12  narrow 
channels,  each  one  suitable  for  tele- 
graph or  teletypewriter  operation. 
At  Intervals  of  approximately  150 
miles  along  the  route,  amplifiers  are 
required  to  renew  the  energy.  At 
these  points,  the  energy  in  the  tele- 
graph channel  below  200  cycles  is  re- 
newed by  means  of  relays  which  op- 
erate on  the  weak  incoming  signal 
and  close  contacts  to  send  out  a  full- 
strength  signal;  the  telephone  circuit 
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between  200  and  3,000  cycles  is  am- 
plified by  means  of  a  two-way  vacuum 
tube  repeater;  the  three  C  carrier 
channels  transmitting  in  one  direction 
are  amplified  as  a  group  through  a 
single  amplifier  and  similarly  the 
three  C  channels  transmitting  in  the 


ditional  circuits,  especially  where 
they  are  more  than  200  miles  in 
length,  may  be  to  apply  the  J  car- 
rier system.  This  gives  12  telephone 
circuits  on  each  pair  of  wires  in  ad- 
dition to  the  four  already  operating 
below  30,000  cycles.    To  do  this,  the 


A  COAXIAL  UNIT,  opcncd  to  show  its  construction:  central  wire,  insulating  discs, 
copper  tube  interlocked  at  the  seam,  and  outer  layers  of  steel  tape  which  keep  the 
assembly  intact,  provide  strength  and  flexibility,  and  help  to  keep  separate  the 
messages  traveling  over  adjacent  units.     The  placing  of  coaxial  units  in  a  cable  is 

shown  on  page  215 


other  direction  through  another  am- 
plifier. 

In  some  cases,  a  larger  number  of 
circuits  is  required  over  an  open  wire 
line  than  can  be  obtained  by  the 
methods  just  described.  The  most 
economical  method  to  obtain  the  ad- 


wires  are  arranged  to  transmit  fre- 
quencies up  to  about  150,000  cycles. 
With  such  high  frequencies,  the  cur- 
rent is  weakened  very  rapidly  in 
traveling  over  the  line,  so  that  ampli- 
fiers are  required  at  intervals  of  about 
50  miles,  but  each  of  these  amplifiers 
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■HT*  ^PP_________     closely  together  within  a  lead  sheath, 

l^Bfc-  >  ^^i^^i^H^BBP     insulated  from  one  another  by  paper. 

In  many  long  distance  cables  more 
than  600  such  wires  are  contained  in 
a  single  cable  about  2j/  inches  in  di- 
ameter. These  cables  may  be  hung 
on  poles,  may  be  placed  in  clay  ducts 
under  the  streets  of  a  city,  or  may  be 
buried  directly  in  the  ground  where 
the  cable  traverses  rural  areas. 

Where  the  number  of  circuits  to 
be  handled  through  a  cable  is  rela- 
tively small  or  where  the  circuits  are 
less  than  about  75  miles  long,  the 
pairs  in  the  cable  are  generally  ar- 
ranged to  transmit  frequency  bands 
up  to  about  3,500  cycles.  The  fre- 
An  unattended  repeater  station  on  a  quency  band  above  about  200  cycles 
coaxial  cable  line.  It  houses  equipment  Js  used  for  a  telephone  channel,  or  is 
capable  of  amplifying  1,500  conversa-  subdivided  into  as  many  as  18  chan- 
tions  simultaneously,  receives  power  for      ^^^^  ^^^  teletypewriter  operation.    As 


its  operation  over  the  coaxial  cable,  and 
will    automatically    notify    the    nearest 
attended  station   if  trouble  should   de- 
velop in  the  equipment 


in  the  case  of  open  wire,  the  frequen- 
cies below  200  cycles  are  used  for 
telegraph  or  other  narrow-band  chan- 
nels. Electric  currents  transmitted 
~  over  the  closely  packed  fine  wires  of 

handles  12  speech  channels  simul-  ^  cable  are  subject  to  much  greater 
taneously.  The  J  carrier  system  losses  than  m  open  wire.  Where  fre- 
proved  to  be  particularly  valuable  quencies  up  to  3,500  cycles  are  to  be 
during  the  war  period,  when  it  was  transmitted,  vacuum  tube  repeaters 
difficult  to  obtain  copper  for  installa-  are  required  on  cable  circuits  at  in- 
tion  of  additional  wires.  More  than  Nervals  of  40  to  50  miles  to  renew 
a  half  million  miles  of  telephone  cir-      their  energy. 

cuits  were  obtained  by  this  means.  ^^  situations  where  a  fairly  large 

number  of  circuits  more  than  about 
100  miles  in  length  are  required,  each 
pair  of  wires  in  the  cable  can  be  ar- 
In  sections  of  the  country  where  ranged  to  provide  12  one-way  speech 
sleet  and  wind  storms  are  prevalent,  channels  by  means  of  K  carrier 
or  where  the  number  of  circuits  equipment,  two  pairs  in  separate  ca- 
needed  is  larger  than  can  economi-  bles  being  necessary  to' give  12  two- 
cally  be  provided  on  open  wire,  long  way  telephone  circuits.  In  this  case, 
distance  circuits  are  provided  by  a  frequency  band  of  about  50,000 
means  of  cable.  The  wires  in  such  a  cycles  is  transmitted;  and  because  of 
cable  are  about  the  size  of  the  lead  in  the  high  losses  which  the  currents  en- 
a  mechanical  pencil   and  are  packed      counter  at  this   frequency,   repeaters 


Long  Distance  Cables 


1945 


The  Messages  Go  Through  in  Many  Ways 


213 


which  amplify  the  entire  band  are  re- 
quired at  intervals  of  about  17  miles. 
This  50,000-cycle  band  can  be  sub- 
divided in  several  ways  to  provide 
communications  channels  of  various 
types.  For  example,  it  can  be  divided 
into  12  telephone  circuits,  one  or 
more  of  which  may  be  further  sub- 
divided into  18  channels  suitable  for 
teletypewriter  operation.  Or,  fre- 
quency bands  5,000  or  8,000  or  more 
cycles  wide  for  the  transmission  of 
music  for  network  broadcasting  may 
be  obtained  by  using  the  space  nor- 
mally occupied  by  several  telephone 
channels. 

The  K  carrier  system  has  been 
widely  installed  in  the  Bell  System 
since  its  introduction  in  1938,  and 
has  also  been  an  important  aid  in  re- 
ducing the  need  for  copper  during 
the  war  period.  By  its  application, 
about  eight  times  as  many  long  dis- 
tance telephone  conversations  can  be 
carried  over  the  same  number  of 
wires  as  by  previous  methods. 

Coaxial  Cables 

The  newest  method  of  providing 
communications  channels  in  large 
quantities  and  over  long  distances  is 
the  coaxial  cable.  The  coaxial  unit 
consists  of  a  copper  tube  a  little 
larger  than  a  lead  pencil,  through  the 
center  of  which  runs  a  single  wire 
held  in  position  by  means  of  insulat- 
ing discs.  Six  or  eight  of  these  tubes 
may  be  contained  in  a  single  lead 
sheath,  which  is  generally  placed  un- 
derground. Each  of  these  coaxial 
units  is  capable  of  transmitting  fre- 
quency bands  many  million  cycles 
wide.  Because  of  the  high  frequen- 
cies used,  the  currents  are  subject  to 
extremely  large  losses  and,  therefore, 
amplifiers   are    required   at   intervals 


of  five  or  eight  miles  when  frequen- 
cies up  to  3,000,000  cycles  are  trans- 
mitted, as  in  the  present  system. 

This  system  (Type  L  carrier)  can 
handle  about  500  simultaneous  tele- 
phone conversations,  transmitting  in 
one  direction  over  one  coaxial  unit 
and  over  another  unit  within  the 
same  cable  for  the  opposite  direction. 
This  is  a  "lot  of  eggs  in  one  basket," 
so  spare  coaxial  units  equipped  with 
amplifiers  stand  ready  at  all  times  to 
be  automatically  switched  in,  in  place 
of  the  working  units  in  case  of  an 
interruption.       In     a     cable     having 


^  TLA  NTIC 
OCEAN 


K-Carrier  with  seven-league  boots. 
This  diagram  illustrates  how  carrier 
telephone  circuits  make  a  25-mile  radio 
hop  between  Cape  Charles  and  Norfolk, 
Va.,  thereby  avoiding  many  miles  of 
circuitous  land  travel 
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eight  coaxial  units,  which  will  be  a 
common  arrangement,  about  1,500 
telephone  channels  can  be  provided 
over  six  units,  with  two  units  used  as 
standbys.  Each  of  these  telephone 
channels  is  about  3,500  cycles  wide, 
and  can  be  further  subdivided  into  as 
many  as  18  narrow  band  channels  for 
teletypewriter  operation.  Or,  the 
frequency  bands  of  several  of  these 
telephone  channels  can  be  used  to- 
gether to  form  a  wider  band  channel 
for  the  transmission  of  music  for  net- 
work broadcasting.  Truly,  a  flexible 
and  amenable  messenger. 

A  UNIQUE  feature  of  the  coaxial  ca- 
ble system  is  that  it  can  handle  a  fre- 
quency band  wide  enough  for  tele- 
vision. With  present  arrangements, 
this  involves  using  the  entire  fre- 
quency band  provided  by  one  coaxial 
unit  for  a  television  transmission 
channel,  while  other  units  in  the  ca- 
ble take  care  of  telephone  needs.  In 
the  future,  with  amplifiers  placed  at 
shorter  intervals  to  permit  transmis- 
sion of  wider  frequency  bands,  the 
simultaneous  transmission  over  a  co- 
axial unit  of  hundreds  of  telephone 
conversations  and  a  wide  band  for 
television  will  be  possible.  Or  the 
wider  band  may  be  used  for  the  trans- 
mission of  television  in  color,  if  that 
should  be  desired.  It  is  expected 
that  the  coaxial  cable  will  find  wide 
usage  in  interconnecting  the  many 
television  broadcasting  stations  which 
are  now  planned  for  operation. 

The  Bell  System  is  in  the  midst  of 
a  large  coaxial  cable  installation  pro- 
gram. Coaxial  cables  are  now  in  op- 
eration between  Stevens  Point  and 
Minneapolis,  between  New  York  and 
Philadelphia,  and  between  Atlanta 
and  Jacksonville;  and  before  the  end 


of  the  year  will  be  in  operation  be- 
tween New  York  and  Washington. 
By  the  end  of  1945,  construction  will 
be  well  under  way  on  coaxial  cables 
extending  from  New  York  as  far  west 
as  Dallas,  and  by  the  end  of  1946  co- 
axial cables  to  Los  Angeles  will  be 
nearing  completion.  Plans  have  been 
made  for  additional  coaxial  cables 
west  from  Washington  to  Chicago 
and  from  Chicago  to  New  Orleans, 
with  later  extensions  to  such  points  as 
Kansas  City,  Omaha,  and  Minneapo- 
lis, to  Cincinnati  and  Louisville,  and 
northward  along  the  Pacific  Coast. 
All  together  it  is  expected  that  there 
will  be  nearly  7,000  route  miles  of 
such  cables  in  operation  by   1950. 

Radio 

These  extraordinary  advances  in 
wire  transmission  have  been  achieved 
through  changes  not  only  in  the  form 
of  the  conductor  itself  but  in  the 
various  ways  of  multiplying  the 
signal-carrying  capacity  of  the  con- 
ductor. They  are  the  result  of  long 
continuing  and  specially  directed  re- 
search and  development. 

Paralleling  the  development  work 
on  various  forms  of  wire  transmis- 
sion, the  Bell  System  has  for  more 
than  30  years  been  developing  an- 
other medium  of  transmission:  radio. 
The  first  commercial  radio  telephone 
circuits  in  the  Bell  System  were  be- 
tween Long  Beach  and  Catallna 
Island,  Cal.,  placed  in  service  in 
1920,  and  between  New  York  and 
London,  placed  in  service  in  1927. 
Since  then,  many  additional  radio 
telephone  circuits  have  been  opened, 
so  that  now  every  country  in  the 
world  having  75,000  telephones  or 
more  has  been  brought  within  voice 
range  of  this  country. 
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Most  of  these  radio  telephone  sys- 
tems are  used  for  a  single  speech 
channel.  However,  many  of  the 
overseas  radio  facilities  now  handle 
frequency  bands  about  10,000  cycles 
wide,  which  are  subdivided  into  two 
or   three    telephone   circuits.      Radio 


provide  telephone  service  to  ships  at 
sea  and  to  vessels  in  harbors  and  near 
the  coast.  The  Bell  System  is  pro- 
viding telephone  service  to  motor  ve- 
hicles and  has  announced  plans  to 
make  this  service  available  in  all  of 
the    principal    cities    of   the    country. 


Open-wire  line  of  about  1890:  9()-foor  poles,  25  cross-arms,  250  wires 


\'oice-frequency 

toll  cable: 

iVi'  diameter, 

616  wires 


K-carrier  cable: 

2   diameter,  176  w  ires 


Coaxial  cable: 

1%'  diameter,  6  coaxials 


Open  wire — voice  frequency  cables — K-Carrier  cables — coaxial  cable:  each  shown 

in  the  quantity  needed  to  provide  about  1,000  circuits.     Thus  may  be  illustrated 

the  continual  trend  toward  smaller  and  fewer  wires 


has  also  been  arranged  to  handle 
12  telephone  channels  simultaneously. 
Such  a  system  is  used  across  Chesa- 
peake Bay  near  Norfolk,  a  distance 
of  about  25  miles,  to  avoid  carrying 
telephone  circuits  by  wire  around  this 
body  of  water,  a  distance  of  some 
400  miles.      Also,    radio   is   used   to 


When  severe  storms  damage  wire 
lines  and  isolate  communities,  port- 
able radio  systems  are  available  to 
provide  a  few  emergency  telephone 
circuits  until  normal  service  can  be 
restored. 

Another  interesting  use  of  radio  is 
the   radio  relay  system,   a   Bell  Sys- 


ii6 


Bell  Telephone  Magazi?ie 


tem  trial  of  which  is  now  being  pre- 
pared between  New  York  and  Bos- 
ton. In  this  system  the  radio  energy 
will  be  transmitted  at  frequencies  of 
billions  of  cycles  in  narrow  beams 
from  one  relay  station  to  the  next, 
the  stations  being  located  on  high 
points  of  ground  at  intervals  of  about 
30  miles.  These  relay  stations  will 
receive  the  greatly  weakened  radio 
energy  from  the  preceding  station 
and  amplify  it  for  transmission  to 
the  next  (see  illustration  on  page 
153).  Thus  the  principle  of  insert- 
ing amplification  in  the  circuit  at 
frequent  intervals  along  its  length, 
which  has  for  years  been  applied  in 
long  distance  wire  lines,  is  now  being 
adapted  to  radio.  The  radio  relay 
system  will  be  arranged  for  the  trans- 
mission of  a  frequency  band  several 
million  cycles  wide  which  can  be  used 
as  a  whole  for  transmission  of  tele- 
vision or  can  be  subdivided  into  a 
number  of  telephone  circuits. 

Looking  Ahead 

The  business  of  the  Bell  System  is 
to  provide  means  for  the  transmis- 
sion of  intelligence:  speech,  music, 
pictures,  typewritten  words,  or  what- 
ever its  form — and  to  do  it  quickly, 
clearly,  and  at  the  lowest  possible 
cost.  Over  a  period  of  more  than 
half  a  century,  the  System  has  cre- 
ated a  physical  plant  for  this  trans- 
mission which  has  no  counterpart  in 
dependability,  scope,  and  flexibility. 
The  System's  scientists  and  engineers 


are  constantly  searching  for  better 
ways  of  doing  the  job.  They  have 
pioneered  in  transmission  develop- 
ments which  have  revolutionized 
world  communications. 

One  example  of  the  results  of  their 
efforts  has  been  the  progressive  re- 
duction in  the  size  of  conductors  used 
for  long  distance  transmission :  from 
large  wires  on  poles  to  small  wires  in 
cables,  made  possible  by  the  vacuum 
tube  amplifier;  to  a  multiplicity  of 
messages  on  the  same  wires  through 
the  development  of  carrier  systems; 
to  a  copper  tube  with  a  single  wire 
down  its  center  carrying  hundreds  of 
simultaneous  conversations  or  a  mov- 
ing picture;  finally  to  the  elimination 
of  the  metal  conductor  entirely  by 
the  use  of  radio  waves  focussed  in 
narrow  beams.  One  method  does  not 
supplant  another;  each  has  its  place 
and  all  share  in  providing  service  in 
a  comprehensive  communication  sys- 
tem. 

The  coming  years  will  no  doubt 
bring  requirements  for  new  means  or 
new  methods  of  transmitting  intelli- 
gence by  electricity.  The  sure  pros- 
pect that  those  requirements  will  be 
met,  that  the  nation's  needs  will  be 
foreseen  and  the  means  and  methods 
will  be  ready  to  serve,  rests  on  the 
same  research  which  has  brought  the 
System's  transmission  art  to  its  pres- 
ent high  development  and  the  same 
engineering  ability  and  manufactur- 
ing capacity  which  have  built  today's 
vast  telephone  plant. 
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RADAR: 
Radar  and  Bell  Laboratories  •   Mervin  J.  Kelly 

Radar:   A  Story  in  Pictures 
Radar  and  Western  Electric  •   Frederick  R.  Lack 


The  Bell  System's  First  Order  of  Business  •   Harold  S.  Osborne 
Dual  Telephone  Service  Ends  in  Philadelphia  •   Peter  L  Schauble 


m^^^'^iinasiMti 


ClftTUAWMfffiSaMLMttia.'Kt* 


ericanTelemone  &-n^ele^aph  Company  -Veufm 


1 


Bell  Tele|)lioneA^/OT^ 

ff^ inter  1945-46 


Radar  and  Bell  Laboratories,  Mervin  J.  Kelly,  221 

Radar:  A  Story  in  Pictures,  256 

Radar  and  Western  Electric,  Frederick  R.  Lack,  283 

The  Bell  System's  First  Order  of  Business 
Harold  S.  Osborne,  295 

Dual  Telephone  Service  Ends  in  Philadelphia 
Peter  L.  Schaiible,  3 1 1 


"  The  ideal  and  aim  of  the  American  Telephone  and  Telegraph  Company  and  its  Associated 
Companies  is  a  telephone  service  for  the  nation, free,  so  far  as  humanly  possible,  from 
iynperfections,  errors,  or  delays,  and  enabling  anyone  anywhere  to  pick  up  a  telephone 
and  talk  to  anyone  else  anywhere  else,  clearly,  quickly  and  at  a  reasonable  cost." 
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Who's  Who  &  What's  What 
in  This  Issue 


Historians  of  World  War  II  will  record 
that  the  armed  might  of  the  Allied  Nations 
had  laid  Italy  and  Germany  prostrate  and 
was  closing  in  on  Japan  for  the  kill  before 
Manhattan  Project's  atomic  secret  burst  on 
the  world;  and  they  may  attribute  those 
military  successes  in  no  small  part  to  the 
advantage  the  Allies  possessed  in  radars  of 
many  kinds,  vast  numbers,  and  superior 
performance. 

The  Bell  System  had  a  large  and  im- 
portant share  in  the  development  and  pro- 
duction of  radar  in  this  country.  How 
large,  how  important,  is  now  recounted 
comprehensively  for  the  first  time  by  two 
men  who  speak  with  authority  and  from  an 
intimate  knowledge  of  the  radar  program: 


Mervin  J.  Kelly 

Mervin  J.  Kelly,  executive  vice  president 
and  a  director  of  Bell  Telephone  Labora- 
tories; and  Frederick  R.  Lack,  vice  presi- 
dent and  a  director  of  the  Western  Elec- 
tric Company  and  head  of  its  Radio 
Division. 

Joining  in  19 1 9  the  Engineering  Depart- 


ment of  Western  Electric — which  became 
Bell  Laboratories  in  1925 — Dr.  Kelly  has 
devoted  the  years  since  to  research  in  elec- 
tronics and  to  the  development  of  many 
types  of  thermionic  devices.  He  was  ap- 
pointed director  of  research  of  Bell  Tele- 
phone Laboratories  in  1936,  and  in  1944 
he   was   given   additional    responsibility   as 


Frederick  R.  Lack 

executive  vice  president.  During  World 
War  II  he  devoted  practically  all  his  time 
and  energy  to  the  Laboratories'  multitudi- 
nous war  projects,  and  was  in  particularly 
close  touch  with  the  progress  of  radar. 

Mr.  Lack  joined  the  Manufacturing  De- 
partment of  Western  Electric  in  191 1.  A 
year  later  he  transferred  to  the  Engineering 
Department,  and  to  it  he  returned  in  19 19 
after  overseas  service  in  World  War  I. 
Thereafter  his  work  was  concerned  broadly 
with  the  development  of  several  aspects  of 
radio  telephony,  including  the  use  of  piezo- 
electric crystals  for  stabilizing  radio  fre- 
quency generators,  and  vacuum  tubes  for 
various  types  of  radio  telephone  application. 
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Mr.  Lack  left  Bell  Laboratories  in  1938  to 
return  to  Western  Electric  as  commercial 
manager;  and  in  1942  he  was  elected  vice 
president  and  was  appointed  manager  of 
the  Radio  Division.  At  the  Government's 
invitation,  he  served  for  some  months  dur- 
ing 1942  and  1943  as  director  of  the  Army 
and   Navy   Electronic   Production   Agency. 

In  the  past  five  years  this  Magazine  has 
recorded  some  of  the  many  ways  through 
which  the  Bell  System  contributed  to  this 
country's  share  in  victory  over  the  Axis 
Powers.  The  contributions  were  major 
and  the  effort  was  extreme — as  witness,  for 
example,  this  issue's  articles  on  radar.  But 
now  "the  war  is  over"  to  most  people — in- 
cluding a  good  many  who  want  telephone 
service,  haven't  been  able  to  get  it,  and 
don't  see  why  not.  So,  having  performed 
near-miracles  of  many  kinds  under  the  stress 
of  war,  the  System  recognized  that  to  ac- 
complish still  other  miracles  became  its  first 
order  of  business  under  the  stress  of  peace ; 
and  Harold  S.  Osborne  submits  a  report 
on  "how  we're  doin',"  and  how  we  are  do- 


Harold  S.  Osborne 

ing  it.  He  joined  the  A.  T.  &  T.  Co.  in 
1910  as  an  engineer  in  the  then  transmis- 
sion and  protection  department,  and  has 
since  been  transmission  engineer,  operating 
results  engineer,  plant  engineer,  assistant 
chief  engineer,  and — since  1943 — chief  en- 
gineer of  the  present  Department  of  Opera- 


tion and  Engineering.  He  was  co-author 
of  "More  and  Better  Telephone  Service  for 
Farmers,"  which  appeared  in  the  Winter  is- 
sue of  this  publication  a  year  ago. 

Elimination  of  the  Keystone  Telephone 
Company  from  the  Philadelphia  scene  does 


Peter  L.  Schauble 

indeed  mark  the  end  of  an  era — but  an  era 
for  which  there  need  be  no  regret,  no  nos- 
talgia for  the  good  old  days.  The  days  of 
competitive  telephone  service  were  not 
good:  duplicative  service  was  always  un- 
economic and  a  nuisance.  And  since  the 
country  finally  got  rid  of  it,  for  all  practi- 
cal purposes,  at  Philadelphia  last  September 
17,  it  is  Peter  L.  Schauble  who  tells  how 
its  end  came  about.  For  he  is  vice  president 
of  the  Bell  Telephone  Company  of  Penn- 
sylvania in  charge  of  the  Public  Relations 

{Continued  on  page  255) 
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An  Index  to  Volume  XXIV  (1945) 
of  the  Bell  Telephone  Magazine 
may  be  obtained  upon  request  to 
the  Information  Department  of  the 
American  Telephone  and  Telegraph 
Company,  195  Broadway,  New  York 
7,  N.  Y. 


Air  express  was  the  fastest  method  of  getting  telephones  to  certain  areas  where 
shortage  of  instruments  alone  was  delaying  service  to  waiting  customers — so  by 
air  express  they  went.     See  "The  Bell  System's  First  Order  of  Business,"  page  295 
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Many  Kinds  of  Radars  Rank  High  as  a  Contribution  to 

The  Victories  Over  the  Axis  Powers 


Radar  and  Bell 
Laboratories 


Mervin  J.  Kelly 


Radar — RAdio  Detection  And 
Ranging — in  the  importance  of  its 
contribution  to  victory  ranks  high 
among  the  new  weapons  of  World 
War  II.  It  employs  radio  waves  for 
the  detection  and  accurate  location  of 
objects,  fixed  or  moving.  It  can  see 
farther  than  the  eye,  even  under  con- 
ditions most  favorable  to  vision.  It 
sees  equally  well  by  night  and  by  day. 
Neither  smoke,  fog,  clouds,  nor  rain 
diminishes  its  range  or  its  resolution 
of  objects. 

Radar  refers  to  no  single  instru- 
ment :  it  is  a  synthetic  word  which  de- 
scribes a  function.  Indeed,  an  indi- 
vidual radar  set  may  weigh  only  a 
hundred  pounds,  have  the  size  and 
shape  of  a  small  bomb,  and  be  suited 
to  installation  in  a  fast  airplane;  or 
it  may  be  a  vast  assemblage  of  equip- 
ment mounted  in  a  truck  and  several 
trailers,  have  a  giant  antenna  struc- 
ture, and  require  a  whole  company  of 
soldiers  to  operate  it.     It  may  be  a 


three-ton  equipment  disposed  above 
and  below  the  deck  of  a  battleship,  or 
it  may  be  two  or  three  water-tight 
boxes  on  the  deck  and  a  small  antenna 
on  the  mast  of  a  landing  barge. 
While  radars  assume  this  great  va- 
riety of  form  and  size,  they  are  all 
governed  by  the  same  radio  principles 
and  employ  the  same  electronic 
and  communication  techniques.  Their 
functioning  elements  have,  in  com- 
mon, electron  tubes  in  large  number 
and  great  variety,  interconnected  by 
most  complex  communication-like  cir- 
cuits. 

All  radars  embody  a  transmitter, 
an  antenna,  a  receiver,  and  a  video 
system.  The  transmitter  generates 
the  radio  energy  as  pulses  of  suitable 
form  and  power.  The  antenna  both 
radiates  energy  in  a  preferred  space 
pattern  and  picks  up  energy  "echoed" 
from  the  objects  viewed.  The  re- 
ceiver accepts  from  the  antenna  the 
returning  pulses  of  energy  and  ampli- 
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fies  and  reshapes  them  in  such  a  way 
that  the  video  system  can  display  the 
echo  information  in  a  variety  of 
visible  patterns  and  supply  it  in  elec- 
trical form  for  the  direction  of 
missiles. 

In  consequence  of  its  ability  to  see, 
radar  played  a  great  and  increasingly 
important  role  in  the  conduct  of  the 
war  on  land,  at  sea,  and  in  the  air. 
It  has  brought  about  profound 
changes  in  the  pattern  of  warfare. 
Surprise  has  always  been  one  of  the 
most  important  elements  in  attack. 
In  the  past,  surprise  has  been  achieved 
by  the  deployment  of  forces  in  the 
darkness  of  night  or  under  a  cover- 
ing of  fog,  cloud,  or  smoke.  The 
early  warning  of  enemy  approach  af- 
forded by  our  ever-improving  radar 
equipments  and  the  increasingly  effec- 
tive techniques  for  their  use  deprived 
the  enemy  of  the  advantage  of  sur- 
prise attacks. 

Radar  not  only  sees;  it  can  also 
measure  distance  and  angles.  Radar 
continuously  measures  the  distance  to 
a  fixed  or  moving  object  and  the 
angles  defining  the  direction  of  the 
object  with  such  exactness  that  this 
location  information  can  be  used  for 
fire  control  of  guns,  directing  of  tor- 
pedoes, or  dropping  of  bombs. 

A  new  instrument  of  war,  when 
equally  developed  and  applied  by  the 
combatants,  changes  the  style  of  war 
but  is  not  likely  to  become  a  decisive 
element  in  victory  for  either  side. 
However,  when  one  of  the  combat- 
ants moves  more  rapidly  in  the  de- 
velopment of  the  new  instrument  and 
makes  broader  and  more  rapid  use 
of  it  in  his  strategy  of  war,  he  then 
can  make  it  an  important  and  perhaps 
determining   element    in    his   victory. 


This,  indeed,  is  the  pattern  of  radar's 
application  in  World  War  II. 

In  the  years  immediately  before 
the  war,  radar  was  conceived  and  had 
its  pioneering  development  in  the 
military  laboratories  of  our  country, 
England,  Germany,  and  perhaps 
Japan. 

At  the  war's  beginning,  the  radar 
technologies  of  Germany,  England, 
and  our  country  were  at  about  the 
same  level  of  development,  while 
Japan's  was  decidedly  inferior.  As 
the  war  progressed,  we  advanced  ra- 
dar science  with  much  greater  speed 
than  did  our  enemies.  We  applied 
it  to  almost  all  sectors  of  warfare, 
and  supplied  our  armed  forces  with 
a  tremendous  volume  of  specialized 
equipments  suited  to  a  wide  variety 
of  applications.  Our  armed  forces 
made  immediate  and  broad  applica- 
tion of  this  radar  equipment  and 
modified  their  strategy  of  war  to 
great  advantage  as  they  increased 
their  facility  In  the  use  of  this  new 
weapon. 

Our  enemies,  advancing  the  tech- 
nology at  a  slower  pace,  made 
available  to  their  armed  forces  a 
substantially  smaller  volume  of  equip- 
ments which  were  more  limited  in 
variety  and  of  a  lower  level  of  effec- 
tiveness. 

As  the  war  progressed,  radar, 
therefore,  became  an  instrument  of 
Increasing  advantage  to  us.  It  short- 
ened the  war  and  made  our  victory 
possible  at  a  lower  cost  In  lives  and 
material. 

Radar  attained  this  high  level  of 
Importance  to  victory  because  our 
country  concentrated  on  it  a  gigantic 
effort  in  research,  development,  de- 
sign, and  production.     In   1940  less 
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than  $25,000,000  was  expended  on 
technical  and  production  effort  for 
radar.  Radar  effort  in  all  its  phases 
expanded  rapidly  throughout  the  war, 
and  in  1945  was  at  an  annual  level 
of  more  than  $1,000,000,000. 

There  have  been  many  technical 
workers  in  this  field  both  in  England 
and  in  this  country.  They  have  en- 
joyed full  interchange  of  technical 
information,   so  that  each  could  use 


defense  program  was  materially 
stepped  up,  the  National  Defense  Re- 
search Committee  set  up  the  Radia- 
tion Laboratory  at  Massachusetts 
Institute  of  Technology  to  undertake 
a  broader  program  of  Government- 
sponsored  research  than  had  been 
possible  with  the  limited  facilities 
of  the  Services'  laboratories.  This 
organization  built  up  its  research  staff 
and  facilities  and  carried  out  a  most 


Radar  echoes  are  displayed  on  an  oscilloscope  screen.     The  "A"  presentation 

(left)  shows  the  distance  to  three  targets;  the  "PPI"  (right)  gives  a  map-like  picture 

of  the  area  below  an  air-borne  radar — here  the  Cape  Cod  area  of  Massachusetts 


the  information  of  the  other  as  well 
as  his  own.  In  particular,  Bell  Lab- 
oratories worked  very  closely  in  this 
field  first  with  Army  and  Navy  lab- 
oratories and  later  also  with  the 
Radiation  Laboratory  at  Massachu- 
setts Institute  of  Technology;  and  in 
all  cases  there  was  freest  interchange 
of  technical  material. 

The  laboratories  of  the  Services 
were  working  in  radar  through  the 
1930s.     When,  in  1940,  the  national 


important  program  of  research  and 
development  work,  particularly  in  the 
micro-wave  field. 

The  Bell  System  played  a  larger 
part  in  the  radar  program,  from 
research  through  production,  than 
any  other  industrial  organization. 
Through  its  manufacturing  company 
— the  Western  Electric — it  produced 
about  half  of  all  the  radar  made  in  the 
United  States;  and  through  its  re- 
search organization— the   Bell  Tele- 
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phone  Laboratories — it  carried  out 
a  comparable  portion  of  the  research 
and    development    programs. 

Throughout  the  preparedness  and 
war  years,  the  Laboratories,  with 
a  continuously  expanding  program, 
gave  almost  half  of  its  effort  to 
radar  science  and  technology.  It  ex- 
pended approximately  $85,000,000 
in  its  research,  development,  design, 
and  early-model  production  effort. 

The  Western  Electric  Company 
produced  equipments  resulting  from 
this  effort  in  a  volume  of  approxi- 
mately $900,000,000,  and  there  was 
production  of  radar  facilities  by 
others,  from  designs  completed  in  Bell 
Laboratories,  in  volume  of  at  least 
$ioo,ooo,5oo. 

Radar  s  Early  History 

Radar,  through  its  receiver  and 
video  system,  determines  the  distance 
to  each  object  by  measuring  the  time 
required  for  a  pulse  of  radio  energy 
generated  by  its  transmitter  to  go 
from  its  antenna  to  the  object  and  to 
return.  (The  pulse  is  reflected  or 
"echoed"  by  the  object.)  The  ob- 
ject's direction  is  determined  by  ob- 
serving the  direction  in  which  the 
antenna  is  pointing  when  it  receives 
the  maximum  energy  from  the  ob- 
ject.     (The   antenna   points   directly 


Radar  may  well  be  considered  a  type  of 
radio  communication.  It  is  like  broadcast- 
ing in  that  it  is  one-way  transmission  of  in- 
telligence. It  is  unlike  broadcasting  in  that 
it  gathers  intelligence  from  its  surroundings 
rather  than  giving  it  out.  The  intelligence 
gathered  is  the  distance  and  direction  of 
objects  within  the  range  of  the  radar. 


at  the  target  when  it  receives  the 
maximum  energy  return.) 

Man  has  long  had  the  desire  to  see 
in  darkness  and  through  fog.  But 
the  satisfaction  of  this  desire  had  to 
await  the  development  of  radio  tech- 
nology to  a  degree  first  reached  at 
the  beginning  of  the  1930s,  when  the 
techniques  and  tools  essential  to  the 
pioneering  development  of  object  lo- 
cation with  radio  waves  were  at  hand. 
We  now  know  that  those  engaged  in 
military  radio  research  in  Germany, 
England,  and  our  own  country  turned 
their  attention  to  this  development  at 
about  the  same  time. 

Many  elements  of  new  technology 
were  necessary.  Probably  the  most 
important  were  the  extension  of  the 
useful  radio  spectrum  to  wave  lengths 
at  least  as  short  as  two  or  three 
meters;  advances  in  electronic  and  cir- 
cuit techniques  to  make  possible  gen- 
eration of  extremely  short  pulses  of 
radio  energy  at  high  levels  of  power; 
and  accurate  measurement  of  time 
intervals  as  short  as  a  few  hundred- 
millionths  of  a  second. 

Making  use  of  these  new  elements 
of  technology  as  well  as  of  established 
communication  and  electronic  art  and 
science,  our  Army  and  Navv  labora- 
tories made  remarkable  progress  dur- 
ing the  1930s  in  evolving  research 
models  of  object-location  equipment 
using  radio  waves.  Behind  the  cloak 
of  secrecy  essential  to  military  re- 
search, they  studied  various  radio 
methods  of  object  viewing,  and  se- 
lected the  preferred  system  by  the 
middle  of  the  1930s.  They  then 
worked  intensely,  within  the  limits  of 
their  resources,  to  improve  and  per- 
fect the  system  selected.  The  Naval 
Research  Laboratory  pointed  its  ef- 
fort to  equipments  for  use  on  ships. 
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Radar  development  by  Bell  Laboratories  was  greatly  facilitated  by  earlier  experi- 
ence with  such  projects  as  measurement  of  the  height  of  the  ionosphere  (left),  and 
the  radio  altimeter  (right),  both  employing  the  echo  technique 


while  the  Fort  Monmouth  Signal 
Corps  Laboratory  directed  its  atten- 
tion to  equipments  for  army  ground 
forces. 

On  July  13,  1937,  at  the  invitation 
of  Commander  (now  Captain)  W. 
G.  Ruble,  some  Bell  Laboratories  en- 
gineers, accompanied  by  Commander 
(now  Commodore)  J.  B.  Dow,  vis- 
ited the  Naval  Research  Laboratory 
at  Anacostia,  and  were  shown  the 
radar  work  which  was  in  progress 
there  under  the  immediate  direction 
of  Dr.  A.  H.  Taylor.  After  this 
visit,  as  is  Bell  Laboratories'  practice 
at  the  preliminary  survey  stage  of 
any  new  research  program,   an  ana- 


lytical study  and  appraisal  were  made. 
A  selected  group  of  scientists  and 
engineers  made  an  analysis,  as  com- 
plete as  was  possible  with  available 
information,  of  object  location 
through  the  use  of  radio  wav^es.  This 
included  re-radiation  (echoing)  from 
targets,  and  the  advantages  and  limi- 
tations of  different  ranges  of  the  ra- 
dio frequency  spectrum.  The  Bell 
Laboratories  group  returned  to  the 
Naval  Research  Laboratory  on  No- 
vember 5,  1937,  to  witness  a  demon- 
stration of  improvements  which  had 
been  made  in  the  meantime  and  for 
further  discussions  with  those  work- 
ing on  the  project. 

The  men  at  the  Naval   Research 


226 


Bell  Telephone  Magazine 


WINTER 


Laboratory  were  working  with  wave 
lengths  in  the  neighborhood  of  one 
to  two  meters.  They  were  transmit- 
ting from  a  directional  antenna  short 
pulses  of  radio  energy  in  this  wave- 
length range.  They  had  already  de- 
veloped an  ingenious  circuit  for  using 
the    same    antenna    for    sending    the 


oratories  recognized  the  limitations 
of  the  wave  lengths  employed  and 
were  in  agreement  that  considerably 
shorter  wave  lengths  were  essential 
to  the  location  of  low-flying  planes 
and  of  objects,  such  as  ships  and  sub- 
marines, on  the  surface  of  the  water. 
They  also  recognized  that,  with  ma- 


radio  pulses  and  receiving  their  echoes      terially  shorter  wave  lengths  and  fur- 


reflected  from  objects  in  the  vicinity. 

Because  of  fundamental  properties 
of  the  wave  lengths  employed,  their 
system  had  only  limited — though  im- 
portant— military  value.  It  was  ade- 
quately effective  for  military  use  only 
against  airplanes  flying  at  relatively 
high  altitudes.     At  the  wave  lengths 


ther  advances  in  circuit  and  electronic 
techniques,  beams  of  radio  energy 
could  be  made  sufficiently  pencil-like 
in  nature  (similar  to  a  searchlight 
beam)  to  distinguish  objects  separa- 
ted by  small  distances,  such  as  planes 
flying  in  formation,  and  to  measure 
the  exact  distance  and  direction  to  one 
of  them.     Shorter  wave  lengths  could 


employed,    it   is   not   possible   to   get      extend   the   area   of   radar's   applica- 
enough   energy   on   and   immediately      tion  down  to  the  surface  of  the  sea 


above  the  surface  of  the  sea  to  detect 
ships  or  low-flying  planes  with  a  cer- 
tainty and  over  distances  essential  to 
military  value. 

In  spite  of  these  restrictions,  which 
are  fundamental  to  the  wave  lengths 
employed,  the  Naval  Research  Lab- 
oratory's object  location  system  was  a 
most  important  development.  It  in- 
corporated fundamental  principles,  es- 
sential circuits,  and  electronic  tech- 
niques which  were  to  characterize  the 
enormous  radar  developments  of  the 
following  years.  Although,  as  the 
war  progressed,  radars  using  shorter 
waves  came  to  play  a  larger  part  in 
our  radar  warfare,  this  early  system 
established  in  wave  length  and  in 
circuit  arrangement  the  pattern  for 
the  large  number  of  equipments  which 
were  used  by  our  naval  ships  of 
many  classes  throughout  the  war  for 
the  longest-range  detection  of  enemy 
planes. 

The  Naval  Research  Laboratory's 
scientists  and   those   from   Bell   Lab-      haps  40  centimeters  (16  inches). 


and,  through  adequate  resolution  and 
accurate  measurement  of  object  po- 
sition, make  radar  direction  of  gun 
fire  possible.  Shorter  radio  waves 
must  be  used  in  radar ! 

Bell  Laboratories'  First 
Radar  Project 

There  was  already  in  progress  at 
Bell  Laboratories  a  research  program 
directed  at  the  extension  of  the  radio 
spectrum  to  shorter  and  shorter  wave 
lengths.  This  was  a  part  of  the  Bell 
System's  program  of  extending  the 
scope,  improving,  and  lowering  the 
cost  of  communication  through  new 
applications  of  science. 

The  group  at  Bell  Laboratories 
who  had  been  brought  into  the  radar 
secret  believed  that  communication 
circuit  techniques  and  new  electronic 
devices  then  available  from  this  re- 
search program  were  adequate  for 
the  initiation  of  explorations  in  ra- 
dar to  a  wave  length  as  short  as  per- 
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After  discussions  between  Bell  Lab- 
oratories' management  and  those  re- 
sponsible in  the  Bureau  of  Ships,  it 
was  agreed  that  the  Laboratories,  be- 
cause of  its  knowledge  and  experi- 
ence in  this  field,  could  be  of  most 
service  to  the  radar  development  pro- 
gram in  extending  radar  to  shorter 
wave  lengths. 

The     radar     excursion     into     the 


the  importance  of  such  an  investiga- 
tion. 

Because  of  its  potentialities  for  re- 
sults of  importance  to  our  country's 
preparedness  program,  and  because 
of  the  intimate  relation  of  Bell  Lab- 
oratories' centimeter-wave  radio  re- 
search to  the  centimeter-wave  radar 
problems,  the  American  Telephone 
and  Telegraph  Company  authorized 


Radar  development  in   the  Bell   System   was  centered  at  the  Whippany  plant 
of   Bell    Laboratories.     Rapid    wartime    growth    required    construction    of   many 

temporary  buildings 


shorter  wave-length  area,  which  even 
for  communication  was  in  the  research 
stage,  was  of  such  a  pioneering  and 
speculative  nature  that  it  was  not 
possible  to  predict  that  any  useful 
military  equipment  would  result.  Un- 
der the  then  established  rules  of  Navy 
development  contracts,  it  was  not 
practicable  to  contract  for  such  a 
highly  speculative  research  program. 
However,    all    concerned    recognized 


the  Laboratories  to  proceed  with  the 
Investigation.  This  made  it  possible 
for  the  Laboratories  to  carry  the  ra- 
dar excursion  into  the  shorter  wave- 
length area  to  a  place  where,  if  suc- 
cessful, contracts  could  be  entered 
into  with  the  Navy  for  a  development 
to  specified  requirements. 

The  allocation  of  funds  that  made 
it  possible  for  Bell  Laboratories  to 
Initiate   at  such   an  earlv  date   a   re- 
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search  program  extending  radar  into 
the  centimeter  range  started  a  chain 
of  events  which  was  to  be  of  pro- 
found significance  in  our  country's 
naval  victories  and  in  its  radar  de- 
velopment programs. 

As  will  later  be  revealed,  Bell 
Laboratories'  radar  activities  in  the 
40-centimeter     area    which     resulted 


pany  group  continued  its  intensive 
program  of  application  of  centimeter 
waves  to  radar.  It  received  support 
in  essential  research  and  development 
from  various  component  groups  in 
Bell  Laboratories.  By  early  Summer 
of  1939  the  first  research  model  of 
a  complete  radar  equipment  operat- 
ing at  about  60  centimeters  had  been 


from  this  research  were  of  importance      completed  and  had  been  given,  as  far 


not  only  in  making  the  first  fire-con- 
trol radars  available  but  also  in  bridg- 
ing the  gap  between  the  early  radar 
work,   of   our  Army   and   Navy   lab- 


Had  the  Laboratories  not  pro- 
ceeded immediately  with  this  research 
— carried  out  without  the  restrictions 
of  a  specifically  directed  contract — 
fire-control  radar  would  probably  not 
have  been  in  production  and  installed 
on  some  of  the  ships  of  our  fleet  by 
the  time  of  the  Japanese  attack  on 
Pearl  Harbor.  The  night  victories 
of  the  South  Pacific  in  the  winter  of 
1942— ig4j  which  our  outnumbered 
fleet  won  through  radar  search  and 
radar-directed  gun  fire  might  well 
have  been  defeats. 


oratories  and  the  ten-centimeter  and 
shorter  wave-length  radar  programs 
which  were  initiated  in  1940. 

Soon  after  the  November  5,  1937, 
visit  to  the  Naval  Research  Lab- 
oratory, work  was  begun  in  Bell 
Laboratories  on  its  centimeter  radar 
program.  In  May,  1938,  the  re- 
search was  moved  from  its  New  York 
location  to  the  laboratorv  at  Whip- 
pany,  New  Jersey,  the  better  to  main- 
tain secrecy  and  to  facilitate  object 
location  experiments. 

Throughout  the  remainder  of  1938 
and  in  the  Spring  of  1939,  the  Whip- 


as  possible  at  Whippany,  object  lo- 
cation tests,  principally  against  planes. 
To  obtain  better  information  about 
its  performance  under  location  con- 
ditions equivalent  to  those  on  a  ship, 
a  bungalow  to  house  the  equipment 
was  obtained  at  Atlantic  Highlands 
on  a  bluff  whose  height  above  the 
water  approximated  that  of  an  an- 
tenna installed  atop  a  battleship. 

This  site  proved  so  satisfactory  for 
tests  of  ship-borne  radars  that  Bell 
Laboratories  later  built  a  test  house 
on  land  adjacent  to  the  bungalow. 
It  was  in  use  continuously  throughout 
the  war  in  testing  early  research  and 
development  models.  These  tests 
were  frequently  witnessed  by  radar 
scientists  and  interested  military  per- 
sonnel of  our  country  and  our  Allies. 

The  usual  sequence  of  events  on 
the  development  model  of  a  new 
equipment  was  to  complete  its  as- 
sembly and  "tuning  up"  at  Whip- 
pany, then  to  make  performance  tests 
and  adjustments  at  the  Highlands 
test  house.  When  the  equipment  was 
found  to  meet  the  Navy's  perform- 
ance requirements,  it  was  taken  to 
the  Naval  Research  Laboratory  for 
final  evaluation. 

Successful  performance  tests  of  the 
new  equipment  were  made  here  in 
June,  1939.  At  that  time  sharp  and 
stable  echo  signals  were  obtained 
from  nearby  ships,  from  buildings  on 
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Sandy  Hook,  and  from  gas  tanks  in 
Brooklyn — some  twenty  miles  dis- 
tant. Testing  and  improvement  con- 
tinued throughout  the  summer,  and 
demonstrations  of  the  equipment's 
operation  were  given  to  interested 
Service  personnel  during  this  time. 
Adequate     knowledge     was     now 


cation.  The  equipment  was  given  the 
code  CXAS  by  the  Navy.  The  lab- 
oratory work  on  the  Navy  project 
began  December  31,  1939. 

In  order  to  test  the  relative  ef- 
fectiveness of  different  centimeter 
waves,  the  equipment  was  so  made 
that   tests   could   be    made    at   wave 


A  TYPICAL  SCENE  Oil  the  grounds  of  the  Atlantic  Highlands  laboratory,  where  many 
tests  of  development  models  were  carried  out 


available  from  the  research  to  permit 
undertaking  the  development  of  a 
radar  equipment  to  meet  specified  per- 
formance requirements.  The  West- 
ern Electric  Company  entered  into 
a  contract  with  the  Navy  for  the  Bell 
Laboratories'  development  of  such 
an  equipment  for  ship  search  and  lo- 


lengths  in  the  range  from  60  to  40 
centimeters.  The  equipment  devel- 
oped under  the  contract  was  demon- 
strated to  the  Navy  at  the  Atlantic 
Highlands  laboratory  during  Decem- 
ber 1940. 

These  tests  indicated  the  superior- 
ity of  the  40-centimeter  wave  length, 
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and  It  was  adopted  for  the  first 
equipments  to  be  standardized.  Soon 
after  the  conclusion  of  these  tests 
the  Navy  authorized  the  deslgn-for- 
productlon  for  fleet  use  of  two  equip- 
ments which  later  were  coded  Mark 
3  and  Mark  4. 


with  sufficient  accuracy  to  control  gun 
fire.  These  were  probably  the  first 
radar  equipments  anywhere  which  de- 
livered complete  fire-control  data  of 
sufficient  accuracy  for  use  In  battle. 

The    urgency    was    so    great    that 
Western  Electric  was  authorized  to 


Anienna  ot  the  pioneering  Mark  4  anti-aircraft  set,  in- 
stalled on  the  battleship  Tennessee 


The  Mark  3  was  for  use  only 
against  surface  targets,  such  as  ships 
or  submarines,  as  It  could  only  "track 
targets"  In  the  horizontal  plane.  The 
Mark  4  was  for  use  against  either  sur- 
face targets  or  planes  in  flight.  Both 
radars  delivered  complete  fire-control 
data — range  and  angular  position — 


proceed  with  manufacture  with  all 
possible  speed.  As  soon  as  the  de- 
sign of  an  element  of  the  equipment 
was  completed.  Western  placed  It  in 
manufacture.  In  that  way  produc- 
tion began  within  a  few  months  of 
completion  of  design.  The  Labora- 
tories made  performance  tests  on  Its 
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first  Mark  3  design  model  in  July  of 

1941,  and  Western  delivered  the  first 
production  model  in  October.  Tests 
were  made  on  the  first  Mark  4  de- 
sign model  in  August,  and  Western's 
first  delivery  was  in  December. 

Both  equipments  were  in  produc- 
tion and  some  had  been  installed  on 
Navy  vessels  before  Pearl  Harbor 
was  attacked.  Hundreds  were  to  fol- 
low during  the  next  year.  The  Navy 
was  dependent  upon  them  for  its  ra- 
dar fire  control  in  all  of  its  engage- 
ments of  the  next  fifteen  months. 
The  Japanese  radar,  at  best,  was 
feeble  and  too  inaccurate  to  serve 
for  fire  control.  This  element  of 
technical  superiority  was  a  most  im- 
portant factor  in  our  night-time  naval 
victories  in  the  South  Pacific  in  the 
Winter  of  1942-1943. 

These  radars  controlled  the  cruiser 
Boise's  guns  in  October,  1942,  when 
she  blazed  away  at  night  at  a  vastly 
superior  fleet  in  the  Solomons  and 
made  the  enemy  pay  ten  to  one  for 
the  damage  he  succeeded  in  doing. 
They  were  used  by  the  cruiser  San 
Francisco  on   a  night  in  November, 

1942,  when  a  small  United  States 
force  sank  27  enemy  ships,  almost 
completely  destroying  a  large  Japan- 
ese convoy  bound  for  Guadalcanal 
when  our  hold  there  was  precarious. 
The  Mark  3  controlled  the  fire  of  the 
big  guns  of  the  battleship  South  Da- 
kota in  the  Solomons  on  the  dark 
night  of  November  4,  1942,  when 
she  sank  a  major  Japanese  war  ves- 
sel eight  miles  away  with  two  salvos. 

Even  in  engagements  in  broad  day- 
light, when  optics  could  be  used  for 
target  angles,  these  radars  still  played 
a  vital  part  in  furnishing  accurate 
range  which  made  5-inch  gunfire 
against  aircraft,  for  example,  deadly 


at  long  range.  Thus,  on  October  16, 
1942,  wiien  the  South  Dakota  was 
attacked  by  planes,  she  shot  down  an 
even  38  out  of  38  attacking. 

The  Radiation  Laboratory ^  the 
British  Science  Mission^  and 
Bell  Laboratories 

There  were  two  events  in  the  sec- 
ond half  of  1940  which  were  to  be 
of  greatest  importance  to  the  Allies' 
development  of  radar.  They  also 
had  a  significant  bearing  on  the  part 
which  Bell  Laboratories  was  to  play 
in  this  program. 

In  July,  the  newly  formed  National 
Defense  Research  Committee  ap- 
pointed a  committee  of  four,  under 
leadership  of  Dr.  Alfred  L.  Loomis, 
to  plan  and  to  initiate  its  programs 
in  centimeter-wave  radar.  Dr.  Ralph 
Bown,  Bell  Laboratories'  Radio  Re- 
search Director,  was  one  of  the  four. 
This  committee,  later  to  become  Divi- 
sion 14  of  the  NDRC,  was  expanded, 
and  the  writer  became  a  member. 

While  the  work  of  Bell  Labora- 
tories was  sponsored  almost  wholly 
by  the  Army  and  Navy  and  that  of 
the  Radiation  Laboratory  by  NDRC, 
It  was  most  Important  that  the  pro- 
grams of  these  two  large  units  be 
correlated  to  prevent  duplication  and 
to  insure  complete  coverage  of  the 
technology.  The  two  Bell  Labora- 
tories men  who  were  committee  mem- 
bers were  an  aid  in  the  correlation  of 
programs.  The  Army  and  Navy 
technical  services,  for  which  Bell  Lab- 
oratories worked,  and  the  Director 
of  the  Radiation  Laboratory  and  his 
aides  cooperated  most  heartily  with 
the  Bell  Laboratories  in  the  program 
planning  necessary  to  make  most  ef- 
fective use  of  both  organizations. 


232 


Bell  Telephone  Magazine 


WINTER 


In  September  a  British  technical 
mission,  headed  by  Sir  Henry  Tizard, 
arrived  in  this  country  bringing  the 
full  story  of  the  development  and  use 
of  radar  equipments  in  England, 
They  revealed  that  in  the  preceding 
few  months  electronic  research  in 
England  had  made  available  pioneer- 
ing models  of  a  most  remarkable 
new  magnetron — a  high-power  micro- 
wave generator  tuned  by  means 
of  resonant  cavities.  This  magnetron 
was  capable  of  generating  pulses  of 
lo-kilowatt  peak  power  at  a  frequency 
of  3000  megacycles  (i.e.,  lo-centi- 
meter  wave  length).  This  was  more 
than  50  times  as  powerful  as  any 
other  lo-centimeter-wave  power 
source.  Radar  of  military  value  at 
10  centimeters  was  not  possible  with 
the  small  amount  of  power  avail- 
able from  previous  generators. 

The  availability  of  this  source  of 
high  power  removed  the  barrier, 
which  had  seemed  insurmountable,  to 
the  rapid  extension  of  radar  into  the 
centimeter-wave-length  area.  The 
British  mission  brought  one  of  the 
early  models — the  Ei  189-12 — with 
them.  Some  members  of  the  mission 
and  the  Bell  Laboratories  radar  re- 
search team  made  operational  tests 
on  this  model  at  the  Whippany  lab- 
oratory on  Sunday,  October  7.  These 
tests  verified  its  reported  capabilities. 

The  advance  in  magnetron  tech- 
nology which  the  British  researches 
had  brought  to  light  was  not  only  of 
great  importance  in  the  extension  of 
radar  to  lo-centimeter  and  even 
shorter  wave-length  radio  waves  but 
it  was  also  of  immediate  importance 
in  the  40-centimeter  radar  develop- 
ments at  Bell  Laboratories. 

Inadequate  output  power  of  the 
radar  transmitter  was  the  chief  limi- 


tation in  obtaining  reliably  the  re- 
quired ranges  against  ship  and  plane 
targets  with  the  Laboratories'  CXAS 
radar  development  model.  The  vac- 
uum tubes  of  the  transmitter  supplied 
2  kilowatts  of  pulse  power  at  40  centi- 
meters. This  was  insufficient  to  pro- 
vide, under  all  service  conditions,  the 
required  ranges  against  enemy  tar- 
gets. The  tubes  were  a  recent  devel- 
opment of  Bell  Laboratories,  and 
were  the  highest-powered  40-centi- 
meter vacuum  tube  which  had  been 
developed.  Their  output  power  fell 
off  rapidly  at  shorter  wave  lengths. 
Radar  at  40  centimeters  with  these 
tubes  would  have  limited  application, 
and  their  radar  use  at  still  shorter 
wave  lengths  was  not  possible.  A 
new  source  of  centimeter  wave  power 
was  urgently  needed.  The  British 
mission  brought — in  pioneering  form 
— the  solution. 

Immediately  after  the  October  7 
E-12  magnetron  tests,  electronics 
scientists  at  Bell  Laboratories  initi- 
ated work  on  a  40-centimeter  reso- 
nant-cavity magnetron  as  well  as  on 
types  for  lo-centimeter  and  still 
shorter  wave  lengths.  On  December 
28,  1940,  tests  were  made  on  the 
first  successful  40-centimeter  model. 
The  availability  of  peak  pulse  power 
of  at  least  100  kilowatts  was  indi- 
cated by  these  tests. 

If  the  introduction  of  higher  power 
into  the  Mark  3  and  Mark  4  radars 
was  to  be  accomplished  with  minimum 
delay,  the  power  had  to  be  limited 
to  50  kilowatts — 25  times  that  avail- 
able from  the  recently  developed  vac- 
uum tube  generators.  Fifty  kilowatts 
were  adequate  to  insure  that  these 
equipments  would  have  ranges  well 
in  excess  of  the  firing  range  of  the 
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guns  they  were  to  control.  So  a 
magnetron  for  this  power  output  was 
developed  and  designed  at  Bell  Lab- 
oratories and  put  into  quantity  pro- 
duction by  Western  Electric  in  time 
to  meet  the  first  deliveries  of  the 
Mark  3  in  October  1941.     Develop- 


The  Whippany  tests  on  the  British 
E— 12  were  made  about  a  month  be- 
fore the  Radiation  Laboratory  began 
its  operation.  The  formation  of  an 
effective  research  team  in  electronics 
by  the  Radiation  Laboratory  and  the 
equipping    of    the    necessary    highly 


Three  ot  the  many  magnetrons  developed  by  the  Laboratories  from   the  basic 

British  design 


ment,  design,  and  manufacture  within 
a  year  after  the  historic  tests  on  the 
British   lo-centimeter  E-12! 

The  extension  of  knowledge  about 
resonant-cavity  magnetrons  was  per- 
haps the  most  urgent  item  in  the  rapid 
build-up  in  this  country  of  a  centi- 
meter-wave radar  research  program. 


functional  electronics  laboratory,  even 
under  the  urgency  of  the  prepared- 
ness program,  would  require  many 
months. 

Bell  Laboratories  carried  the  load 
of  centimeter  magnetron  research,  de- 
velopment, and  construction  of  mod- 
els for  radar  systems  researches,  as 
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well  as  a  major  portion  of  that  of 
other  essential  electronic  devices, 
during  the  build-up  interval  of  the 
electronics  program  at  Radiation 
Laboratory.  After  the  Radiation 
Laboratory's  electronics  program  was 
under  way,  and  throughout  the  war 
period.  Bell  Laboratories  shared  the 
research  and  development  programs 
of  the  magnetron  and  other  centi- 
meter-wave electronic  devices  with 
them,  with  British  science  and  in- 
dustrial laboratories  and,  during  the 
later  war  years,  with  a  few  other 
laboratories  of  the  electronics  in- 
dustry. 

Time  was  of  the  greatest  import- 
ance in  the  fall  of  1940.  A  man- 
month  of  centimeter  radar  research 
at  that  time  was  to  be  more  valuable 
than  many  times  that  effort  even 
one  year  later.  Beginning  with  the 
tests  on  the  British  E-12  magnetron, 
Bell  Laboratories'  radar  research  and 
development  program  in  all  of  its 
phases  was  expanded  at  an  unparal- 
leled rate.  Although  the  attack  on 
Pearl  Harbor  was  as  yet  a  year  off, 
so  great  was  the  urge  for  speed  that 
regular  schedules  were  ignored  and 
there  was  even  then  established  what 
later  came  to  be  the  wartime  rate  of 
activity. 

During  these  busy  and  exciting  days 
of  the  late  months  of  1940  and  early 
months  of  1941,  a  spirit  of  comrade- 
ship and  cooperation  was  built  up  be- 
tween the  radar  scientists  and  engi- 
neers of  Bell  Laboratories,  of  the 
Radiation  Laboratory,  and  of  the 
British  Commonwealth  of  Nations 
which  was  to  be  of  great  value  to 
the  Allies'  radar  program.  Bell  Lab- 
oratories' Whippany  radar  labora- 
tory, Atlantic  Highlands  test  station, 


Holmdel  radio  research  laboratory, 
and  electronics  laboratory  in  New 
York  were  the  scenes  of  almost  con- 
tinuous conferences.  Groups  visited 
Bell  Laboratories  to  see  the  opera- 
tion of  new  centimeter-radar  compon- 
ents of  great  variety  and  to  witness 
radar  systems  tests  at  Whippany  and 
the  Highlands. 

In  the  little  bungalow  at  the  High- 
lands, work  went  forward  night  and 
day — with  Navy  officers  ever  present 
— to  incorporate  into  the  Mark  3s 
and  Mark  4s  the  50-kilowatt  power 
and  as  many  as  possible,  without  de- 
laying production,  of  the  functional 
improvements  which  were  being  made 
almost  daily  by  the  research  and  de- 
velopment staffs.  These  visitors 
crowded  and  overtaxed  its  limited 
area,  but  they  were  always  welcome. 
In  later  days  Bell  Laboratories  people 
returned  the  compliment  by  going  to 
their  laboratories  to  confer  and  to 
see  the  many  advances  that  were  com- 
ing from  their  programs.  The  fre- 
quency and  number  of  these  visits 
grew  throughout  the  war.  Any  day 
of  1944  or  1945  might  have  seen 
from  five  to  20  Bell  Laboratories 
men  at  the  Radiation  Laboratory  and 
a  corresponding  number  from  there 
at  Bell  Laboratories. 

We  look  back  with  pleasant  mem- 
ories to  the  many  visits  of  scientists 
and  engineers  from  England,  Canada, 
and  Australia.  Some  of  the  more 
frequent  visitors  of  note  were  the 
late  Sir  Ralph  Fowler,  a  distinguished 
scientist  of  England;  Sir  Charles  Dar- 
win, Director  of  the  British  National 
Physical  Laboratory;  and  Professor 
J.  D.  Cockcroft  of  the  Cavendish 
Laboratory  at  Cambridge.  We  had 
a  pleasant  and  most  profitable  visit 
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in  mid- 1 94 1   from  Professor  M.  L. 

Oliphant  of  Birmingham  University. 
He  was  a  leader  in  British  radar  elec- 
tronics research  and  had  played  an 
important  part  in  their  development 
of  the  resonant-cavity  magnetron. 
Upon  his  departure  for  England,  he 
said  in  a  letter  to  the  writer: 

"During  my  last  days  in  America 


The  Development  of  Radar  Systems 
at  Bell  Laboratories 

The  pioneering  radar  research  of 
our  Army  and  Navy  laboratories  in 
the  one-  and  two-meter  wave-length 
range,  that  of  Bell  Laboratories  at  40 
centimeters,  the  British  contribution 
of  the  resonant-cavity  magnetron,  and 


RADAR  RANGE 
WITHOUT  AAAGNETRONS 


Greatly  increased  power,  gained  by  the  use  of  the  magnetron,  extended  radar 
coverage  well  beyond  the  range  of  the  guns 


RADAR  RANGE 
WITH  MAGNETRONS 


I  wish  to  record  my  deep  apprecia- 
tion for  the  complete  help  which  I 
received  from  you  during  my  visit 
to  your  Laboratories. 

"I  am  certain  that  nowhere  else  in 
the  world  is  such  excellent  work  go- 
ing on  or  such  a  deeply  scientific  at- 
tack on  our  mutual  problems  being 
waged." 


the  established  communications  and 
electronic  technology  supplied  a  broad 
base  for  our  country's  huge  centi- 
meter-wave radar  research  and  de- 
velopment program  of  1941-1945. 
Dr.  Vannevar  Bush,  Director  of  the 
Office  of  Scientific  Research  and  De- 
velopment, in  commenting  on  it  said 
that    advances    were    made    in    five 
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years  which  in  normal  times  might 
well  have  required  three  times  as 
long. 

The  radio  spectrum  from  about  40 
centimeters  to  about  one  centimeter, 
700  to  30,000  megacycles,  was  ex- 
plored. Electronic  and  circuit  com- 
ponents essential  to  the  different  areas 
of  this  wide  wave-length  band  were 
developed,  designed,  and  placed  in 
manufacture  from  researches  carried 
out  almost  concurrently.  A  very 
large  number  of  radar  systems  oper- 
ating in  this  wave-length  band,  pro- 
gressing steadily  toward  shorter  wave 
lengths  as  the  war  advanced,  and  de- 
pendent for  their  successful  function- 
ing on  the  new  electronic  and  circuit 
components,  were  developed  and  de- 
signed for  production  and  use.  The 
dollar  volume  of  production  of  these 
radar  systems  and  components  was 
in  excess  of  $2,000,000,000.  These 
facilities  were  of  greatest  importance 
to  our  victories  in  every  sector  of 
warfare. 

Bell  Laboratories  became  the  lar- 
gest developer  of  centimeter  radar 
systems  and  their  associated  electronic 
and  circuit  components.  More  than 
90  such  radar  systems  were  in  devel- 
opment in  these  Laboratories.  Some 
60  different  systems  were  produced  by 
Western  Electric  before  V— J  Day 
and  almost  all  of  them  were  in  active 
service,  many  in  tremendous  quantity. 
These  systems  were  of  great  va- 
riety, extending  across  the  whole  area 
of  radar  use  and  covering  the  full 
range  of  the  wave-length  band.  Each 
was  suited  to  a  specific  application  of 
either  land,  sea,  or  air  warfare.  Our 
Army  ground  and  air  forces,  our 
Navy's  ships,  submarines  and  planes, 
and  our  Marines'  landing  forces  were 


all  equipped  with  radars  of  Bell  Lab- 
oratories development.  Some  of 
them  were  adopted  by  our  Allies,  and 
the  Western  Electric  manufactured 
them  in  large  quantity  for  their  use. 

Fire-Control  Radar  for  the  Fleet 

The  CXAS  radar  which  led  to  the 
large-quantity  production  of  Mark  3s 
and  4s  pioneered  the  fire-control  ra- 
dar developments  for  our  Navy  and 
Army.  Throughout  the  war  Bell 
Laboratories  developed  substantially 
all  that  our  Navy  used.  This  was  one 
of  the  two  largest  sectors  of  its  ra- 
dar program.  More  than  20  systems, 
suited  to  guns  of  different  calibers 
and  to  a  wide  variety  of  applications, 
were  developed  at  the  Whippany 
laboratory. 

With  a  large  share  of  the  responsi- 
bility for  the  Navy's  research  and  de- 
velopment program  in  radar  fire  con- 
trol from  the  time  of  the  pioneering 
CXAS  development,  Bell  Labora- 
tories' knowledge  of  the  Navy's  gun- 
direction  problem  and  radar's  part  in 
it  steadily  grew.  There  developed  a 
continuously  more  effective  working 
relationship  between  the  technical 
officers  of  the  Bureau  of  Ordnance 
and  the  Laboratories'  staff.  Regu- 
larly scheduled  monthly  program  re- 
view conferences  were  held  at  Whip- 
pany, attended  by  that  staff,  by 
Bureau  of  Ordnance  officers  and, 
frequently,  by  Western  Electric's 
manufacturing  engineers.  There  were 
almost  daily  individual  contacts  in 
Washington,  at  Whippany,  at  some 
Navy  Yard,  on  a  ship,  or  at  the  Haw- 
thorne Works  of  the  Western. 

This  continuing  intimate  relation- 
ship between  user  and  developer  made 
possible  a  very  rapid  advance  in  one 
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of  the  most  technically  difficult  sec- 
tors of  radar.  At  the  war's  end 
every  type  of  Navy  gun  had  a  direct- 
ing radar  suited  to  its  special  needs. 
This  direction  was,  in  general,  more 
accurate  and  versatile  than  that  af- 
forded by  optics  which  had  been  un- 
der development  for  decades.  Ad- 
vances were  so  rapid  and  intensity 
of  effort  so  great  that  for  some  types 
of  guns,  such  as  those  of  the  main 
batteries  of  warships  and  cruisers, 
three  succeeding  radars  were  devel- 
oped, designed,  manufactured,  and 
placed  in  active  service. 

The  Mark  3  was  available  for 
main-battery  use  at  the  time  of  the 
Pearl  Harbor  attack,  the  Mark  8  fol- 


lowed in  early  1943,  and  it  in  turn  was 
followed  by  the  Mark  13.  Each 
operated  at  a  shorter  wave  length 
than  the  one  it  succeeded,  and  had  a 
higher  degree  of  accuracy,  improved 
operational  features,  and  added  func- 
tional abilities.  All  of  this  within  a 
five-year  interval ! 

A  radar  was  not  made  obsolete 
by  its  more  modern  successor,  for  a 
continuously  increasing  part  of  Bell 
Laboratories'  expanding  development 
effort  was  directed  at  the  incorpora- 
tion of  the  new  art  into  the  older  ra- 
dars. The  modernization  apparatus 
elements  were  sent  to  the  fleet  as 
"kits"  and  installed,  according  to  pro- 
cedures carefully  worked  out  by  the 
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How  RADAR  helps  control  the  fire  of  a  ship's  guns:  the  'scope  picture  accurately 
presents  the  range  and  bearing  of  the  target   (large  spot)   and  of  shell  splashes 
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Laboratories,  into  equipments  in  ser- 
vice by  Western  Electric's  field  engi- 
neers and  Navy  personnel.  There 
were  in  the  fleet  on  V-J  Day  large 
numbers  of  modernized  Mark  3s  and 
4s,  and  the  Mark  8,  which  had  under- 
gone many  modernizations,  was  still 
a  most  valuable  element  in  radar  di- 
rection of  large  guns. 

Radar  for  the  Submarine 

Japan's  conquests  during  the  first 
eight  months  of  the  war  extended  her 
island  empire  to  the  south  and  east 
across  vast  expanses  of  ocean.  Her 
far-flung  fronts  were  some  3,000 
miles  from  Tokyo.  The  flow  of  men 
and  materials  from  the  homeland  to 
the  fronts  had  to  be  almost  entirely 
by  ship.  This  presented  a  most  fa- 
vorable situation  for  our  use  of  the 
submarine — the  Navy's  most  effec- 
tive agent  for  the  continuous  haras- 
sing of  shipping  lanes  and  destroying 
of  tonnage.  This  opportunity  was 
recognized  at  an  early  date  and  a 
large  submarine  construction  program 
was  initiated. 

Before  radar,  the  submarine,  of 
necessity,  did  the  greater  part  of  its 
hunting   by   day,    when    enemy    ships 


Radar  proved  itself  to  be  the  vitally  im- 
portant attacking  aid  of  the  submarine 
which  had  been  hoped  for.  All  submarines 
were  radar  equipped :  they  searched  out 
the  enemy  with  radar,  they  kept  themselves 
alerted  to  the  dangers  of  enemy  attack  by 
radar,  and  at  night  they  made  their  deadly 
attacks  with  radar-directed  torpedoes.  No 
other  area  of  the  Bell  Laboratories'  radar 
program  has  made  so  great  a  contribution 
per  man  hour  of  effort  as  has  that  for  the 
submarine.    We  take  special  pride  in  it. 


could  be  detected  by  sight  at  much 
greater  distances  than  at  night  by 
underwater  acoustic  detection  equip- 
ment. The  airplane,  because  of  its 
ability  to  patrol  vast  areas,  greatly  in- 
creased the  hazards  of  the  submarine ; 
and  if  the  enemy  had  a  sufficient  num- 
ber of  them,  he  could  largely  reduce 
the  effectiveness  of  our  submarines. 
Our  Navy's  research  laboratory  de- 
veloped an  airplane  detection  radar 
operating  in  the  meter-wave-length 
range  for  our  submarines.  Its  value 
was  restricted  to  early  warning  of 
enemy  planes  flying  at  not  too  low 
altitudes,  and  It  was  of  little  value  as 
a  locator  of  enemy  ships  or  for  de- 
tection of  low  flying  planes. 

This  was  the  situation  In  early 
1941  when  oflicers  of  the  Navy's 
Bureau  of  Ships  brought  to  Bell  Lab- 
oratories the  radar  problem  of  the 
submarine.  Radar  for  detection  of 
low  flying  planes,  for  location  of 
enemy  ships,  and  for  torpedo  direc- 
tion was  urgently  needed.  If  radar 
could  be  developed  to  meet  these  op- 
peratlonal  needs  and  to  accommodate 
Itself  to  the  limitations  of  space  and  to 
the  low  antenna  height  that  would  be 
practicable,  the  submarine  could  then 
hunt  by  night  as  well  as  by  day,  with 
greater  safety  and  with  much  greater 
attacking  power. 

Studies  at  Bell  Laboratories  In- 
dicated that  a  centimeter-wave-length 
radar,  suited  to  the  submarine's  needs 
and  limitations,  should  meet  the  situ- 
ation. Work  was  undertaken  in  May, 
1 941,  and  from  that  time  until  the 
war's  end  these  Laboratories  carried 
the  submarine  radar  development  re- 
sponsibility for  our  Navy. 

Western  Electric  produced  the  first 
centimeter-wave  radar  for  submarines 
in  April  of  1942,  and  production  con- 
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tinned  to  the  war's  end.  The  pattern 
of  advancing  technology  for  sub- 
marine radar  parallels  that  of  ship 
fire  control.  New  and  shorter  wave- 
length radars  supplanted  the  old, 
with  the  modernization  of  earlier 
equipments  proceeding  continuously. 
Fleet  Admiral  E.  J.  King  after  the 
war's  end  reported:  "Of  all  enemy 
merchant  shipping  sunk  in  the  Pacific, 
submarines  accounted  for  approxi- 
mately 8,300,000  tons,  or  two-thirds. 
Of  the  naval  vessels  that  Japan  lost 
in  the  war,  submarines  sank  one- 
third." 

Radar  for  the  Airplane 

The  Radiation  Laboratory  and  Bell 
Laboratories  shared,  in  a  spirit  of  co- 
operation and  with  continuous  inter- 
change of  ideas  and  information,  al- 
most the  entire  load  of  research  and 
early  development  in  our  country's 
airplane  radar  programs.  The  great 
variety  of  planes  of  our  Army  and 
Navy  made  necessary  the  develop- 
ment of  many  different  functional 
types  of  radar.  The  tremendous 
number  of  planes  led  to  a  correspond- 
ingly large  number  of  airborne  ra- 
dars. This  was  the  largest  of  all 
sectors  of  radar,  from  research 
through  production  to  military  use. 

Our  Army  and  Navy  planes  used 
radar  for  navigation;  for  reconnais- 
sance in  searching  out  the  enemy  and 
following  his  movements;  for  inter- 
ception of  his  planes  and  directing 
our  planes'  movements  in  their  at- 
tack; for  fire  control  of  the  guns  of 
our  planes;  and  for  bombing  of  his 
ships,  submarines,  troops,  airfields, 
tactical  positions  back  of  his  lines, 
and  his  manufacturing  plants  and 
transportation    facilities. 


The  airplane  has  more  profoundly  af- 
fected military  strategy  than  any  other  one 
weapon  which  has  been  introduced  into 
modern  warfare.  It  was  first  used  in 
World  War  I,  but  had  little  effect  on 
strategy  or  on  victory.  In  World  War  II 
it  played  a  major  part  in  warfare  on  land 
and  sea.  Our  might  in  the  air  determined 
the  length  of  the  war.  Radar  was  one  of 
the  factors  that  made  it  possible  for  the 
airplane  to  play  its  commanding  role. 
Without  it,  the  airplane's  value  in  the 
war  would  have  been  very  much  less. 


Bell  Laboratories  developed  radars 
for  each  of  these  functions.  Similar 
to  the  pattern  of  progress  described 
under  "Fire  Control  Radar  for  the 
Fleet",  improved  models  for  each 
function  followed  one  after  another. 
With  the  great  variety  of  functions, 
this  led  to  a  volume  of  effort  at  Bell 
Laboratories  equal  to  its  combined  ef- 
fort for  ship,  submarine,  and  ground 
radars. 

Weight  and  space  are  at  a  high 
premium  in  all  airplanes — more  in 
some  than  in  others.  Even  the  giant 
B-29  could  not  accept  an  equipment 
for  any  function,  no  matter  how  im- 
portant it  was,  until  its  weight  and 
size  had  been  "shaken  down"  to  the 
lowest  level  possible.  All  airplane 
radar  developments,  therefore,  had  in 
common  a  highly  important  require- 
ment of  minimum  weight  and  size 
which  did  not  exist  in  radar  develop- 
ments for  other  scenes  of  service. 
The  interests  of  minimum  weight  and 
volume  are  better  served  the  shorter 
the  wave  length  employed.  For  this 
reason,  as  well  as  for  some  that  are 
more  technical,  Bell  Laboratories' 
first  airplane  radars  operated  in  the 
lo-centimeter  wave  band,   and   later 
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A   RADAR  ANTENNA,  installed  in  a  turret  under  the  fuselage  ot  a  B-29   bomber, 

"scans"  the  target  area 


models  operated  at  wave  lengths  a 
small  fraction  of  this. 

The  Laboratories'  first  airplane 
radar  development  was  done  in  co- 
operation with  the  Radiation  Labora- 
tory. It  was  for  the  night  fighter 
plane  in  its  interception  and  attack 
of  enemy  bombers.  The  Radiation 
Laboratory  carried  the  project  to  the 
research  model  stage,  and  under 
Army  contract  Bell  Laboratories  car- 
ried the  development  forward  to  a 
production  design.  The  latter  work 
began  in  March,  1941,  and  Western 
Electric  produced  the  first  equipments 
in  the  second  quarter  of  1942. 

These  equipments  were  not  used 
for  their  intended  purpose,  but  were 


modified  for  ship  and  plane  use  to 
combat  the  submarine  menace  along 
the  Atlantic  during  1942.  During  the 
early  months  of  the  submarine  war- 
fare they  were  the  only  equipments 
available  for  some  aspects  of  our 
anti-submarine  action. 

The  Laboratories'  second  step  in 
interceptor  development  was  the 
SCR-720.  It  became  available  in 
1943  and  was  standard  for  our  Air 
Corps  and  the  British  RAF  through- 
out the  remainder  of  the  war.  Sev- 
eral thousand  were  produced,  and 
were  used  on  all  fronts  in  Europe  and 
in  the  war  against  Japan.  Many  hun- 
dreds of  enemy  planes  and  buzz 
bombs     were     destroyed     by     planes 
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equipped  with  the  720.  Perhaps  of 
even  greater  importance  was  their 
protection  of  large  tactically  impor- 
tant areas  from  night-time  bombing. 
Attack  by  planes  employing  this  radar 
was  so  deadly  that,  after  experiencing 
it,  the  enemy  discontinued  sending 
bombers  over  areas  so  protected. 

The  SCR-517,  followed  by  the 
SCR— 717,  in  its  several  moderniza- 
tions, were  the  navigation  and  search 
airplane  radars  of  our  Army  Air 
Corps.  Bell  Laboratories  developed 
the  517  in  1941  and  the  717  in  1942— 
1943.  The  717s  were  made  in  large 
quantities  by  Western  and  by  the 
Philco  Company. 

In  many  respects  the  Laboratories' 
most  difficult  radar  development  for 
air  was  an  all-purpose  radar  for  the 
carrier-based  plane.  It  owed  much 
of  its  difficulty  to  rigorous  require- 
ments of  weight  and  trouble-free 
operation. 

The  performance  afforded  by  centi- 
meter-wave radars  was  much  needed 
by  our  carrier  planes  in  1942.  They 
were  using  a  radar  employing  a  wave 
length  of  somewhat  less  than  a  meter. 
The  radar  was  light  enough  in  weight 
but  did  not  have  the  performance 
capabilities  of  the  centimeter-wave 
radars.  The  centimeter-w^ave  radars 
for  land-based  planes  were  too  heavy 
— weighing  more  than  350  pounds — 
and  occupied  too  much  space  for  use 
by  the  carrier  plane. 

In  May  of  1942  Bell  Laboratories 
undertook  the  development  of  a  ra- 
dar combining  navigation,  search,  and 
interception  functions,  suitably  pack- 
aged and  of  adequately  limited  vol- 
ume for  carrier  plane  installation. 
It  was  to  weigh  about  half  as  much 
as    radars    employed    in    land-based 


planes,  to  perform  about  as  well  as 
those  weighing  twice  as  much,  and  to 
meet  most  rigorous  requirements  cov- 
ering maintenance-free  operation. 

The  development  met  most  of 
those  objectives  by  mid-1943,  and 
production  was  started  by  Western 
Electric  before  the  end  of  that  year. 
During  1944  and  1945  Western  and 
the  Westinghouse  Company  produced 
many  thousands  of  this  equipment. 
It  was  produced  probably  in  larger 
quantity  than  any  other  centimeter- 
wave  radar  equipment  of  the  war. 

In  reporting  on  the  equipment  one 
of  our  Navy's  carrier  plane  pilots 
said:  "This  radar  works  well  with 
the  many  jobs  we  are  called  on  to 
do.  These  include  searching  out  Jap- 
anese targets,  intercepting  his  planes, 
navigating  in  strange  territory,  and 
homing  to  our  carrier.  It  is  also  most 
helpful  to  the  pilot  in  his  flying  in, 
over,  and  around  tropical  rain  squalls 
and  pointing  out  targets  through 
overcast." 

Radar  bombing  equipment  evolved 
from  the  search  radars.  As  shorter 
wave  lengths — still  shorter  than  10 
centimeters — became  available,  suffi- 
cient resolution  of  objects  was  possi- 
ble to  permit  the  recognition  and 
bombing  of  many  sorts  of  specific 
targets,  such  as  harbor  and  riverside 
installations,  bridges,  and  even  cer- 
tain industrial  plants.  Bell  Labora- 
tories researches  in  radar  bombing, 
which  began  in  1941  under  authoriza- 
tion by  the  Army  Air  Corps,  were 
graduallv  expanded,  and  led  to  the 
development  and  design  of  several 
radar  bombing  equipments  suited  to 
different   applications. 

From  these  designs  Western  Elec- 
tric produced  the  largest  volume  of 
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radars  for  bombing  of  any  supplier. 
One  of  these  equipments  became  the 
standard  radar  bombsight  of  the 
Army  and  Navy  for  bombing  ships 
at  sea  from  relatively  low  altitudes. 
Reports  from  the  Pacific  Theater  in- 
dicated that  a  bomber  squadron's  effi- 
ciency in  ship  sinking  increased  several 


researches  had  as  their  ultimate  ob- 
jective the  bombing  from  high  alti- 
tude through  the  overcast  with  an 
accuracy  against  individual  targets 
equal  to  that  of  optically  directed 
bombing.  This  was  accomplished 
during  the  final  months  of  the  B-29S 
over  Japan.     Radar  bombing  scores 


CoMi'Acri.Y   BUILT  iiito  a  bomb-shaped  casing,  this  carrier-phine  set  reached  the 
highest  production  figure  of  any  centimeter-wave  radar 


fold  after  the  introduction  of  this 
equipment. 

Two  of  the  equipments  were  stand- 
ard for  B-29S  in  their  bombings  of 
the  Japanese  home  islands.  Most  of 
the  damage  done  by  the  B-29  raids 
was  by  bombs  directed  by  these  radar 
equipments. 

The  Laboratories'  radar  bombing 


against  individual  targets  were  equal 
to  those  of  optical  bombing  under 
good  visibility.  From  some  view- 
points this  was  a  greater  technical  ac- 
complishment than  that  of  our  accur- 
ate fire  control  radars.  The  radar 
bombing  equipment  not  only  had  the 
same  objectives  of  high  precision  as 
did  the  fire-control  radars;  it  also  had 
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to  meet  the  severe  weight  and  size 
limitations  essential  for  airplane  use 
— a  most  difficult  task  which  required 
almost  four  years  of  Intensive  re- 
search and  development  on  the  sys- 
tem and  Its  component  apparatus. 
The     Radiation     Laboratory    and 


bomb,  called  the  Bat.  Under  a  Navy 
Bureau  of  Ordnance  contract  the 
Laboratories  developed  the  radar 
head  which  supplied  the  directional 
or  "homing  to  the  target"  informa- 
tion. The  NDRC  developed  the 
glider  and  automatic  controls  for  its 


The  "Bat",  a  radar-guided  winged  bomb,  slung  under  the  wing  of  a  Navy  bomber 


Bell  Laboratories  continuously  Inter- 
changed information  and  ideas  on  ra- 
dar bombing.  There  was  also  a 
sharing  of  responsibility  and  work 
load  on  some  of  the  projects. 

Bell  Laboratories  cooperated  with 
the  NDRC  in  the  development  for 
the  Navy  of  a  radar-guided  winged 


steering  from  radar-received  data. 
It  was  standardized  for  use  and  large 
quantities  were  manufactured.  The 
Western  Electric  Company  produced 
the  radar  heads  according  to  Labora- 
tories' designs.  The  Bat  sank  many 
tons  of  Japanese  naval  and  merchant 
shipping  during  the  final  months  of 
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the  war.  It  was  the  first  missile  of 
its  type  ever  successfully  used  in 
combat. 

Radar  for  Ground  Use 

Radars  operated  from  the  ground 
have  found  broad  application  by  the 
Army  Ground  Forces,  the  Marines, 
and  the  Army  Air  Forces  in  the  pro- 
tection of  airfields  and  other  fixed  in- 
stallations from  enemy  airplane  at- 
tack. They  have  also  had  extensive 
use  in  the  protection  of  newly  won 
beachheads  and  permanent  shore  in- 
stallations from  attack  by  ships  and 
planes.  Ground  radars  have  been  of 
two  general  classes:  search  and  fire 
control. 

During  the  1930s  the  Signal  Corps 
carried  out  a  pioneering  program  on 
radar  at  their  Fort  Monmouth,  N. 
J.,  laboratories  under  the  direction  of 
Colonel  (now  Maj.  Gen.,  retired) 
Roger  B.  Colton,  and  completed  the 
development  of  two  ground  radars 
before  the  war  began.  Like  the  Na- 
val Research  Laboratory,  their  pro- 
gram was  in  the  meter  wave-length 
range.  They  directed  their  attention 
to  the  development  of  equipments  for 
search  and  early  w^arning  of  enemy 
planes. 

Bell  Laboratories  was  brought  into 
contact  with  the  Fort  Monmouth  de- 
velopments in  1938,  and  from  that 
time  there  was  a  continuing  inter- 
change of  information  between  the 
two  groups.  In  mid- 1939,  when  the 
Laboratories  moved  its  first  centi- 
meter-wave-radar equipment  from  the 
Whippany  laboratory  to  the  Atlantic 
Highlands  laboratory,  Colonel  Col- 
ton and  his  aides  were  among  the 
first  visitors  there,  and  they  continued 
to  follow  the  developments  at  the 
Highlands  laboratory. 


In  the  spring  of  1940,  the  Signal 
Corps  requested  the  Western  Electric 
Company  and  Bell  Laboratories  to 
undertake  the  design-for-production 
and  the  manufacture  of  one  of  the 
search  and  early-warning  radars 
which  the  Fort  Monmouth  labora- 
tories had  developed.  The  Signal 
Corps  wanted  this  equipment  in  quan- 
tity production  at  the  earliest  pos- 
sible time. 

In  order  to  proceed  with  the  de- 
sign and  preparation  of  manufactur- 
ing information  at  the  greatest  pos- 
sible speed,  the  Bell  Laboratories' 
project  group  was  provided  with 
work  space  at  Fort  Hancock,  N.  J., 
in  close  association  with  the  Signal 
Corps  group  which  was  developing 
this  radar.  As  rapidly  as  design  in- 
formation was  completed  on  an  ele- 
ment of  equipment,  Western  Electric 
proceeded  with  its  manufacture.  The 
first  equipment,  coded  SCR-268,  was 
delivered  by  the  Western  Electric  in 
February,  1941,  less  than  eight 
months  from  the  beginning  of  Bell 
Laboratories'  work  on  the  project. 

Western  Electric  continued  the 
manufacture  of  this  equipment  until 
1944.  More  than  1,000  equipments 
were  produced,  and  they  saw  service 
in  almost  all  theaters  of  the  war. 
Bell  Laboratories  made  two  major 
modernization  redesigns  of  the  equip- 
ment and  there  was  a  continuous  flow 
of  detailed  changes  that  required  the 
engineering  of  modernization  kits  for 
application  to  equipments  already  in 
service. 

The  SCR— 268  equipment  was 
mounted  in  a  truck  and  trailer.  Other 
early  warning  equipments  developed 
by  the  Signal  Corps  laboratories  were 
still  larger  and  had  to  be  permanently 
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installed  where  they  were  to  be  used. 
Combat  experience  soon  pointed  out 
the  need  for  a  search  equipment  which 
was  sufficiently  light  in  weight  and 
packaged  into  small  enough  units 
so  that  it  could  be  flown  into  newly 
established  airfields.  In  order  that 
protection  from  enemy  air  attack  on 
these  fields  could  be  quickly  estab- 
lished, the  equipment  had  to  be  ca- 
pable of  being  installed  and  operated 
within  minutes  after  it  was  flown  in. 
The  requirement  for  light  weight  and 
unit  packaging  could  only  be  met  by 
employing  a  much  shorter  wave 
length  than  that  of  the  SCR-268. 
Technical  requirements  also  indicated 
the  use  of  a  shorter  wave  length. 

To  MEET  these  requirements,  Bell 
Laboratories  developed  for  our  Army 
Air  Forces  and  Marines  an  air-trans- 
portable centimeter-wave  radar  for 
search  and  early  warning  of  enemy 
planes.  This  equipment  was  coded 
the  AN/TPS,  and  it  was  manufac- 
tured in  large  quantities  by  Western 
Electric.  It  was  extensively  used,  and 
was  of  special  importance  in  defend- 
ing the  many  conquered  Pacific  Is- 
lands from  enemy  raiders.  Several 
were  used  on  Iwo  Jima  and  Okinawa. 

Bell  Laboratories  developed  three 
fire-control  radar  equipments  for 
ground  use :  two  for  use  by  the  Army 
Ground  Forces  and  one  for  use  by  the 
Marines. 

The  SCR-296  fire-control  radar 
was  developed  for  the  protection  of 
shore  installations  from  attack  by 
ships.  It  was  permanently  installed, 
with  its  antenna  mounted  on  top  of 
a  tower  of  height  varying  up  to  100 
feet,  depending  upon  the  topography 
of  the  location.  The  antenna  had  to 
be  sufficiently  high  so  that  its  radar 


beam  could  reach  enemy  ships  sev- 
eral tens  of  miles  beyond  the  shore,  in 
order  that  shore  defenses  could  be 
alerted  in  time  and  "tracking"  for  fire 
control  be  under  way  well  beyond  the 
range  of  the  guns  controlled.  This 
radar  employed  the  wave  length  and 
many  of  the  techniques  of  the  original 
Mark  3  for  ship  fire-control  use.  A 
few  hundred  of  them  were  manufac- 
tured by  Western  Electric,  and  were 
installed  for  protection  of  shore  in- 
stallations in  many  of  the  theaters  of 
war.  In  common  with  other  radars, 
there  was  continuous  modernization 
of  the  equipment  to  keep  its  perform- 
ance abreast  of  the  advancing  art. 

An  anti-aircraft  radar  fire-control 
system,  truck  and  trailer  mounted, 
which  incorporated  a  search  radio 
beam  as  well  as  one  for  gun-pointing, 
was  developed  for  control  of  the  fire 
of  the  anti-aircraft  batteries  of  the 
ground  forces.  It  was  coded  SCR— 
545.  The  search  beam  was  in  the 
one-  to  two-meter  wave  length  range 
and  provided  a  beam  of  such  breadth 
that  it  was  easy  to  locate  planes  at  a 
distance  of  many  miles.  As  they  ap- 
proached gun-fire  range,  a  particular 
plane  was  selected  for  "tracking"  and 
the  centimeter-wave  "gun-pointing" 
beam  followed  this  plane  and  continu- 
ously supplied  information  for  direc- 
tion of  the  gun  fire.  This  equipment 
was  used  in  the  protection  of  the 
Anzio  Beachhead  in  Italy  and  in  the 
Pacific  Theater. 

A  considerably  lighter  truck- 
mounted  fire-control  radar,  the  Mark 
16,  was  developed  for  the  Marines. 
This  equipment  was  suited  to  their 
needs  in  the  Pacific  Islands  warfare. 
It  was  taken  ashore  soon  after  a 
beachhead  was  established,  to  protect 
it  from  attack  by  planes  or  ships.     A 
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few  hundred  of  them  were  used 
throughout  the  Pacific  Theater  in  the 
protection  of  newly  won  islands. 

Components  and  Circuit  Elements 
for  Radar 

In  the  development  of  new  com- 
munications systems  there  needs  to  be 
the  most  intimate  interplay  between 
the  advancing  technology  of  the  sys- 
tem, its  components,  and  its  circuit 
elements.  By  experience  gained  in  the 
development  for  the  Bell  System  of 
new  radio  and  wire  transmission  sys- 
tems with  their  intimately  related 
switching  systems,  Bell  Laboratories 
has  evolved  a  most  effective  pattern  of 
relationships  and  team  play  between 
new  systems  philosophers,  developers, 
and  engineers  and  the  scientists  who 
carry  out  researches  basic  to  the  new 
components  and  circuit  elements. 
The  knowledge  of  how  to  integrate 
into  an  efficiently  working  team  men 
having  the  great  variety  of  technical 
skills  essential  to  the  simultaneous 
creation  of  new  systems  and  their  new 
components  and  circuit  elements  was 
necessary  for  the  Laboratories'  de- 
velopment of  almost  one  hundred  new 
centimeter-wave  radar  systems  within 
a  period  of  some  five  years. 


Radar,  like  all  communication  systems,  is 
an  ordered  aggregate  of  electronic  and 
electro-mechanical  components  and  circuit 
elements  interconnected  by  suitable  electri- 
cal conductors.  Each  component  and  cir- 
cuit element  is  designed  to  meet  its  func- 
tional part  of  the  system's  operation.  The 
interconnection  is  engineered  so  that  the  in- 
tegration of  the  operations  of  the  individual 
elements  produces  the  desired  system  per- 
formance. 


Beginning  with  Bell  Laboratories' 
first  radar  studies  in  1938,  those  ex- 
pert in  the  research  and  development 
that  lead  to  new  components  and  cir- 
cuit elements  were  made  a  part  of  the 
radar  systems  research  and  develop- 
ment team.  New  electronic  devices, 
electrical  networks,  transformers, 
coils,  potentiometers,  resistances,  re- 
lays, condensers,  thermistors,  crystal 
converters,  and  varistors  were  made 
available  first  as  research  models  for 
systems  study  and  later  as  develop- 
ment models  preliminary  to  the  final 
design  for  service.  In  each  succeed- 
ing year  the  number  of  new  com- 
ponents standardized  for  production 
was  greater  than  in  the  previous 
year.  In  1944  the  design  of  more 
than  1,500  components  essential  to 
radar  was  completed,  in  comparison 
with  less  than  1,000  in  1943. 

Not  only  were  the  radar  systems 
of  Bell  Laboratories  development  de- 
pendent upon  these  new  components 
but  also  those  developed  by  others 
would  not  have  been  possible  without 
them.  The  demand  for  them  was  so 
great  that  even  with  its  large  expan- 
sion Western  Electric  could  not  pro- 
duce all  that  were  required.  The 
Laboratories'  new  components  were 
always  placed  in  manufacture  by 
Western,  but  many  were  later  shifted 
in  whole  or  in  part  to  other  manufac- 
turers in  order  that  Western  might 
make  available  capacity  for  still 
newer  components  which  had  to  be 
produced  with  greatest  speed  in  order 
to  meet  new  radar  systems  needs. 

New  electronic  devices — magne- 
trons, beating  oscillators,  pulse  power 
tubes,  intermediate  frequency  ampli- 
fier tubes,  gas  switching  tubes  and 
many     other     electronic     elements — 
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were  the  keystones  to  the  rapid  prog- 
ress of  the  centimeter  radar  art. 
Bell  Laboratories  was  a  major  con- 
tributor of  new  electronic  devices  of 
almost  all  varieties  which  determined 
the  speed  of  radar's  advance.  Dur- 
ing the  1 940-1 945  period,  the  Lab- 
oratories designed  and  standardized 
some  175  different  electronic  devices 
essential  to  radar.  Western  supplied 
them  in  large  quantity.  The  dollar 
volume  of  their  deliveries  exceeded 
$100,000,000;  almost  twice  the  dol- 
lar volume  of  all  electronic  devices 
manufactured  for  Bell  System  use 
from  19 1 5  to  1940. 

Large  quantities  of  Bell  Labora- 
tories developments  were  supplied  by 
many  other  manufacturers.  The  re- 
quirements for  some  types  were  so 
large  that  it  was  necessary  for  the 
Services  to  obtain  production  from 
several  manufacturers.  In  the  case 
of  an  intermediate-frequency  ampli- 
fier tube — the  6AK5 — there  were 
five  suppliers  in  addition  to  Western. 
Bell  Laboratories  electronics  de- 
velopments covered  the  wave  band 
from  40  centimeters  to  i  centimeter 
and  every  radar  electronic  function 
except  display.  The  cathode-ray 
tubes  used  in  the  video  system  to  dis- 
play the  radar  pictures  were  devel- 
oped by  others.  While  the  Labora- 
tories' electronics  programs  were 
carried  out  under  Army  and  Navy 
contracts,  they  were  closely  integrated 
with  those  of  the  NDRC.  In  author- 
izing a  program  in  one  of  the  new 
wave  length  sectors,  the  Bureau  of 
Ships  wrote  in  part:  "The  Bureau  ex- 
pects the  Western  and  Bell  Labora- 
tories to  assume  the  same  responsibili- 
ties in  the  development  and  manu- 
facture of  the  electronic  devices  for 


The  6AK5,  one  of  the  most  important 
vacuum  tubes  developed  for  radar  use 


th 


e  new 


band  as  have  been  car- 


ried so  well  in  the  other  bands." 

Bell  Laboratories'  contribution  to 
the  development  of  the  many  other 
types  of  components,  circuit  elements, 
and  coaxial  cable  and  wave  guide 
transmission  interconnectors  was  as 
broad  in  scope  and  as  fundamental 
to  all  centimeter-wave  radars  as  were 
its  electronic  developments. 

Radar  Systems — Designed  for 
Service 

The  radar  systems  operating  in  the 
wave  band  from  40  centimeters  to  i 
centimeter  made  the  first  general  use 
of  this  vast  range  of  the  radio  spec- 
trum. For  several  years  before 
1940,  research  in  Bell  Laboratories 
was  probing  this  wave  band  to  de- 
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termlne  Its  value  to  communication. 
The  volume  of  this  research  was  in 
balance  with  the  many  other  sectors 
of  the  research  program. 

With  the  advent  of  radar  and  war, 
Bell  Laboratories  expanded  this  re- 
search effort  several  fold,  and  the 
scientists  at  the  Radiation  Labora- 
tory also  made  large  contributions  in 
this  area.  Building  upon  the  knowl- 
edge so  rapidly  accumulating  from 
this  greatly  expanded  research  effort, 
the  Bell  staff  of  systems  and  compo- 
nents developers  produced  in  rapid 
succession  development  models  of  ra- 
dar systems  having  greater  range  of 
vision  and  higher  resolving  power 
and  capable  of  more  accurate  meas- 
urement of  an  object's  location.  In 
the  development  of  these  radars,  the 
Laboratories'  research  and  develop- 
ment teams  were  operating  in  familiar 
territory,  for  their  pattern  of  effort 
was  the  same — except  for  the  pres- 
sure of  time — as  that  normally  fol- 
lowed In  obtaining  new  knowledge 
through  research  and  then  applying 
it  in  a  closely  integrated  program  to 
the  development  of  a  new  communi- 
cation system  and  Its  components. 

Following  the  development  model, 
though  getting  under  way  before  Its 
completion,  comes  design  for  serv- 
ice. This  Is  an  area  of  communica- 
tions technology  that  Bell  Labora- 
tories has  developed  to  a  high  state 
of  proficiency.  Its  responsibility  for 
the  design  of  the  communications  fa- 
cilities for  Bell  System  use,  with  the 
philosophy  of  designing  facilities  that 
provide  the  best  communications  ser- 
vice at  the  lowest  possible  cost,  has 
built  a  "service  for  the  user"  attitude 
into  the  fiber  of  the  organization. 
In  order  to  arrive  at  the  best  designs 
for  service,  there  have  evolved  at  the 


Laboratories  through  the  years  highly 
effective  teams  of  electrical  and  me- 
chanical designers  and  of  chemical, 
materials,  and  metallurgical  engineers 
closely  Integrated  with  scientists,  sys- 
tems engineers,  and  components  de- 
velopment engineers.  These  teams 
are  equipped  with  specialized  facili- 
ties for  the  evolution  of  service  de- 
signs and  for  appraising  their  ade- 
quacy. 

More  than  half  of  the  Bell  Lab- 
oratories design  organization — with 
greatly  expanded  aid  In  drafting,  lab- 
oratory experimenting,  testing,  and 
model  construction — were  engaged  In 
designing  radar  systems  and  compo- 
nents. During  the  early  years,  design 
for  service  was  the  most  difficult  sec- 
tor of  radar  effort.  This  was  due 
principally  to  the  time  schedules  im- 
posed by  war  and  to  an  inadequate 
knowledge  of  user  or  service  re- 
quirements. 

The  need  for  equipments  was  so 
urgent  that  a  greatly  compressed  time 
scale  was  a  necessity  throughout  the 
war,  but  was  at  its  maximum  during 
the  early  years.  The  best  possible, 
within  the  time,  had  to  be  done;  and 
great  Ingenuity  was  shown  In  the 
overlapping  of  procedures  that  nor- 
mally best  follow  one  after  another. 
Not  only  were  procedures  within  the 
Laboratories  telescoped,  but  also  the 
final  design  effort  and  Western's  en- 
gineering and  planning  for  manufac- 
ture were  carried  on  practically  si- 
multaneously. Had  It  not  been  for 
the  many  years  of  cooperative  effort 
of  these  groups  under  normal  condi- 
tions, time  compression  so  effective 
would  not  have  been  possible. 

A  step  that  proved  of  great  value 
In  time  saving  was  the  placement  of 
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large  groups  of  Bell  Laboratories 
designers  and  their  draftsmen  at  each 
of  Western's  manufacturing  centers. 
Their  work  was  so  highly  secret  that 
the  large  areas  of  space  they  occupied 
were  enclosed  in  wire  screen.  These 
became  known  as  the  "Labs'  Cages," 
and  they  were  the  focal  points  where 
Army  and  Navy  officers  and  Labora- 
tories and  Western  engineers  settled  a 
steady  stream  of  detailed  questions 
on  materials,  processing,  design,  and 
testing.  The  "Cages"  were  kept  in 
hourly  contact  with  the  development 
teams  at  the  Laboratories  through 
telephone  and  teletypewriter.  Al- 
most every  day  saw  engineers  from 
the  "Cages"  at  the  Laboratories  and 
those  from  the  Laboratories  at  the 
"Cages". 

It  soon  became  evident  that  knowl- 
edge of  user  requirements  was  Inade- 
quate. Radar  was  a  new  military  In- 
strument; It  had  never  before  been 
used  In  warfare.  It  was  to  be  used 
by  every  branch  of  our  Services.  The 
theaters  of  battle  were  all  over  the 
world.  In  consequence,  environ- 
mental problems  were  world-wide. 

The  dry  and  dusty  heat  of  the 
African  desert,  the  humid  heat  of  the 
tropical  islands  of  the  Pacific,  the 
cold  and  Ice  of  the  Artie,  and  the  low 
pressures  and  temperatures  of  planes 
flying  at  20,000  feet  were  extremes  of 
climatic  conditions  in  which  radar 
must  operate  trouble  free.  The  de- 
sign-for-service  of  a  radar  performing 
similar  tasks  was  quite  different  de- 
pending on  whether  It  was  for  use  in 
a  surface  vessel,  a  submarine,  on 
land,  or  in  a  plane.  Differences  in 
available  space,  shock  and  vibration 
conditions,  details  of  operating  pro- 
cedures, and  many  other  factors  com- 


bined to  make  the  radar  for  each  task 
a  special  job. 

Neither  Bell  Laboratories  engi- 
neers nor  the  technical  officers  of  the 
different  Services  knew,  at  the  war's 
beginning,  the  answers  to  many  of  the 
questions  on  design-for-service  posed 
by  this  variety  of  climatic  environ- 
ments and  of  locale  of  installations. 
However,  the  Laboratories  had  spe- 
cialists In  large  number  with  the 
knowledge  of  how  to  determine  re- 
quirements for  trouble-free,  conven- 
ient, and  effective  operation  and  main- 
tenance and  how  to  apply  them  in 
design.  These  specialists,  in  closest 
cooperation  with  the  different  Serv- 
ices, proceeded  with  greatest  energy 
to  obtain  knowledge  so  that  equip- 
ments could  be  designed  to  meet  any 
of  the  service  and  environment  con- 
ditions of  world-wide  war. 

They  went  to  the  Tropics,  to  the 
Arctic,  In  planes  to  20,000  feet  alti- 
tude, to  the  sea  in  ships  of  many 
classes,  and  under  its  surface  In  sub- 
marines. They  observed  service  and 
environment  conditions  of  every  kind. 
The  knowledge  gained  through  such 
visits,  from  laboratory  Investigations 
that  followed,  and  from  consultations 
with  the  different  Services,  was  trans- 
lated into  design  requirements.  Fa- 
cilities were  developed  or  procured 
for  making  tests  In  the  laboratory  un- 
der conditions  closely  equivalent  to 
those  In  service.  At  the  war's  close, 
the  radar  test  laboratory  at  Whip- 
pany  was  one  of  the  most  completely 
equipped  in  the  country  for  testing  of 
ground,  sea,  or  airborne  radars. 

With  steadily  increasing  knowledge 
of  the  users'  needs,  and  with  facili- 
ties for  design  and  service  test  under 
constant  Improvement,  the  radars  of 
Bell  Laboratories'  development  each 
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year  gave  more  nearly  trouble-free 
service  and  required  less  maintenance 
than  those  of  previous  years.  In  the 
final  months  of  the  war,  the  bombing 
radars  in  the  B-29S  were  giving  bet- 
ter than  98  percent  trouble-free  serv- 
ice on  their  missions  over  Japan. 

Rear  Admiral  G.  F.  Hussey,  Jr., 
Chief  of  the  Bureau  of  Ordnance  of 
the  Navy,  in  a  letter  of  comment  upon 
the  design  of  one  of  the  last  ship  fire- 
control  radars,  wrote  in  part: 

"The  Bureau  considers  that  this 
equipment  represents  a  marked  ad- 
vance in  radar  design,  particularly 
from  the  standpoint  of  reliability  and 
ease  of  maintenance.  It  indicates 
clearly  the  benefits  to  be  derived  from 
experience,  sound  design  engineering, 
and  excellent  manufacturing  tech- 
niques. While  fleet  experience  with 
this  equipment  is  still  limited,  reports 
indicate  that  It  Is  considered  the  best 
radar  equipment  yet  installed  on 
shipboard." 

Special  Services  Essential  to 
the  Radar  Systems  Programs 

In  assuming  the  responsibility  for 
so  large  a  portion  of  centimeter  radar 
technology — the  underlying  research 
and  the  development  and  design  of 
radar  systems  and  components — it 
was  necessary  for  the  Laboratories 
to  carry  out  several  special  assign- 
ments closely  related  to  its  radar  sys- 
tems programs  and  essential  to  the 
Army's  and  Navy's  most  efficient  use 
of  the  systems. 

These  assignments  included  the  de- 
velopment of  radar  test  sets,  the  pre- 
production  of  radar  systems  and  com- 
ponents, the  preparation  of  technical 
manuals  and  Instruction  books  on  ra- 
dar systems,  and  conducting  a  radar 


school  for  commissioned  and  enlisted 
personnel  and  civilian  experts  of  the 
Army  and  Navy. 

Radar  Test-Set  Development 

A  RADAR  SYSTEM  Is  a  most  complex 
equipment.  Typical  radars  have 
from  50  to  250  vacuum  tubes,  associ- 
ated with  many  times  that  number  of 
condensers,  resistances,  transformers, 
coils,  electrical  networks,  and  vari- 
ous electro-mechanical  components. 
Notwithstanding  most  careful  design, 
it  Is  easy  for  radar  performance  to 
become  Impaired  under  operating  con- 
ditions. 

The  greater  the  range  of  coverage 
and  the  more  accurate  the  data  of  a 
radar,  the  more  valuable  Its  Informa- 
tion is  likely  to  be.  The  range  of 
coverage  may  fall  to  a  fraction  of  the 
normal,  or  the  accuracy  of  measure- 
ment may  decrease  by  a  large  amount, 
with  nothing  In  the  radar's  perform- 
ance to  Indicate  It.  There  must  be 
test  facilities  at  the  battle  fronts 
which  make  possible  checking  and  ad- 
justing the  radar  to  insure  that  the 
normal  range  of  coverage  and  high- 
est possible  accuracy  are  always 
realized. 

Previously  existing  electrical  test 
equipments  were  not  suited  to  the 
solution  of  most  of  centimeter  radars' 
test  problems.  Their  use  of  new 
wave  lengths  and  of  a  large  variety 
of  new  circuit  techniques  made  neces- 
sary the  development  of  many  com- 
pletely new  test  sets. 

Radar  test-set  technology  had  to 
be  kept  in  step  with  the  rapidly  mov- 
ing radar  systems  developments. 
This  could  only  be  done  by  a  most 
Intimate  association  of  test-set  de- 
velopment with  systems  development. 
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The  pattern  of  the  test-set  work  be-      training  programs  or  to  make  limited 


came  substantially  the  same  as  that 
for  the  systems  themselves.  The  Ra- 
diation Laboratory  and  Bell  Labora- 
tories shared  the  major  portion  of 
the  responsibility.  The  two  organi- 
zations worked  in  close  coordination 


tactical  studies  at  the  front  until  the 
quantity  production  line  had  started 
moving.  Four  to  eight  months  of 
most  valuable  time  were  almost  com- 
pletely lost. 

To  meet  this  situation,  Bell  Lab- 


with  each  other  and  with  the  Services      oratories,  at  the  urgent  request  of  the 


to  prevent  duplication  and  to  insure 
complete  coverage. 

From  1940  to  1945  the  Laborato- 
ries developed  and  designed  for  serv- 
ice over  200  different  radar  test  sets. 
They  were  of  great  variety:  special 


Services,  began  the  construction  in 
special  job  shops  of  a  limited  number 
— from  5  to  30 — of  its  newly  devel- 
oped radar  systems  during  1943. 
This  production  could  be  under  way 
as    design    was    nearing    completion; 


oscilloscopes,    signal    generators    and      and  since  it  was  intimately  associated 


power  meters  for  all  the  different 
wave  length  bands,  frequency  meters, 
range  calibrators,  phantom  targets 
and  echo  boxes  are  typical  test  set 
names.  Western  Electric  produced 
more  than  75,000  sets  of  Labora- 
tories' design.     The  rate  of  produc- 


with  the  development  teams,  the  work 
could  be  carried  out  without  operator 
training  and  with  limited  special  tool- 
ing, equipment,  and  test  facilities.  It 
was  thus  possible  for  deliveries  in 
these  limited  numbers  to  begin  almost 
immediately  after  the  approval  of  the 


tion  was  5,000  per  month  at  the  war's      design  model  and  to  be  completed  be- 


end.  The  Army  and  Navy  used  test 
sets  in  increasing  number  and  with 
ever-improving  effectiveness  in  main- 
taining radar  systems  at  the  battle 
fronts  at  highest  level  of  perform- 
ance. 


Pre-Productiox  of  Radar 
Systems  and  Components 

After  the  design  model  of  a  radar 
system  was  approved  by  the  Service 
using  it,  an  interval  of  four  to  eight 
months  might  well  elapse  before 
quantity  production  could  begin. 
This  interval  was  used  in  the  procure- 
ment of  materials,  the  design  and 
construction  of  special  tools  and 
equipment  for  production  and  testing, 
and  the  preparation  of  manufacturing 
space.  This  interval  was  of  great 
concern  to  the  Services;  it  was  not 
possible     for    them    to    begin    their 


fore  quantity  production  started. 

While  this  was  a  very  expensive 
way  to  produce  radar  equipments,  the 
service  proved  to  be  of  such  great 
value  in  its  saving  of  time  that  it 
grew  rapidly.  It  became  necessary 
to  limit  pre-production  by  a  critical 
examination  of  each  request,  in  order 
that  its  volume  might  not  overtax 
the  Laboratories'  capacity  and  slow 
down  its  development  programs. 

The  1943  dollar  volume  of  radar 
systems  pre-production  was  $3,000,- 
000,  and  in  1944  it  increased  more 
than  three-fold.  It  continued  at  an 
average  level  somewhat  in  excess  of 
$1,000,000  per  month  until  the  war's 
end.  This  service  was  unique;  its 
nearest  equivalent  was  a  job  shop  at 
the  Radiation  Laboratorv  for  con- 
struction of  development  models  in 
small  quantity  for  similar  purposes. 

Bell  Laboratories  also  made,  on  a 
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To  BRIDGE  the  gap  between  design  and  quantity  production,  the  Laboratories  set 

up  a  pre-production  shop — a  corner  of  which  is  shown  here — where  limited  numbers 

of  new  equipments  were  completed 


job  shop  basis,  a  large  volume  of  its 
components  of  recent  development  In 
order  that  the  Service  laboratories, 
the  Radiation  Laboratory,  and  In- 
dustrial laboratories  could  obtain  new 
components  for  evaluation  and  use  In 
the  development  of  radars  In  advance 
of  the  time  Western  could  start  quan- 
tity production.  This  service  was  of 
great  value  in  accelerating  evaluation 
and  standardization  of  new  compo- 
nents by  the  Services  and  the  develop- 
ment of  radar  systems  by  others. 

Technical  Manuals  and 
Instruction  Books 

Radars  were  sent  to  far  distant  war 
fronts  In  Europe  and  Asia.  It  was 
most  Important  that  the  officers  and 
men  of  the  Services  at  the  fronts  be 
provided     with     complete     technical 


manuals  and  Instruction  books  for 
each  radar  system.  As  these  systems 
were  modernized,  new  editions  of  the 
books  and  manuals  describing  the 
changes  had  to  be  at  the  fronts  as 
soon  as  the  "modernization  kits." 
Communications  systems,  sonars,  gun 
directors,  and  many  other  Instruments 
of  war  which  Bell  Laboratories  de- 
veloped had  a  similar  problem  of 
technical  manuals  and  Instruction 
books. 

To  care  for  the  rapidly  expanding 
load  of  book  writing,  the  Labora- 
tories established  an  editorial  depart- 
ment which  worked  In  Intimate  rela- 
tionship with  the  development  groups 
responsible  for  each  of  the  different 
military  equipments  or  systems.  In 
1944  alone,  ^G6  separate  Instruction 
books  and  technical  manuals  were  pre- 
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pared  for  the  Laboratories'  develop-  pally  from  members  of  the  Labora- 

ments  of  that  year.     More  than  200  tories'    technical    staff   and   engineers 

of  them  were  concerned  with  radar  lent  to  the   Laboratories  by  Associ- 

systems.     There  were  nearly  60,000  ated  Companies  of  the  Bell  System, 

pages  of  text  for  all  books  and  man-  and  during  the  maximum  enrollment 

uals,  and  more  than   17,000  illustra-  numbered  about  75.     The  school  oc- 

tions.     In  that  vear  the  Laboratories  cupied  a   number  of  lecture,   labora- 


became  the  country's  largest  pub- 
lisher of  new  books. 

School  for  War  Training 

In  a  manner  similar  to  its  prepara- 
tion of  manuals  and  books,  the  Lab- 
oratories segregated  all  of  its  in- 
struction activities  for  the  Services  in 


tory,  and  conference  rooms.  The 
courses  covered  lectures,  laboratory 
work,  conference  quizzes,  and  exami- 
nations. Many  were  at  the  college 
level,  and  students  were  required  to 
have  had  previous  training  in  science 
and  mathematics. 

During  its  more  than  three  years  of 
a  "School  for  War  Training."  The  operation,  the  school  conducted  about 
staff  of  the  school  was  selected  princi-      125  different  courses,  which  were  at- 


FuTURE  Navy  radar  officers  learn    about  fire  control  radar  at  the  Laboratories' 

School  for  War  Training 
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tended   by   some   4,200   students   as-  Radar  development  was  a  model  of 

signed  to  them  by  the  Armed  Forces,      effective  coordination  and  cooperation 


More  than  80  percent  of  this  number 
were  from  the  Army  and  the  rest 
from  the  Navy.  More  than  one- 
half  of  the  School's  courses  were  con- 
cerned witii  radar.  The  policy  of 
the  Services  varied  as  to  the  number 
of  their  personnel  who  were  given 
this  basic  training.     All  of  the  Navy 


within  each  allied  country  and  be- 
tween them.  Bell  Laboratories  was 
one  of  the  foci  of  cooperative  effort. 
It  is  with  pride  and  satisfaction  that 
we  look  back  on  our  participation  in 
the  cooperative  activities  from  mid- 
1940  to  the  war's  end.  Information 
from    Bell    Laboratories    radar   pro- 


officers  who  were  in  training  for  fire-  grams  was  available  to  all  who  were 

control      assignment      attended      the  cleared  by  the  Army  or  Navy.     The 

school,    and   the   Navy   required   one  laboratory  door  was  always  open  for 

graduate  aboard  each  major  combat  the   entrance   of   authorized  visitors. 


vessel.  Almost  every  new  radar  sys- 
tem brought  a  group  for  special  train- 
ing in  its  theory  and  practice. 

Cooperation  with  Others 

The  Allied  Nations  matched  the 
Axis  Powers  in  the  application  of  sci- 
ence to  warfare  before  the  mid-point 
of  the  war  had  been  reached,  and  sur- 
passed them  by  its  close.  As  the  Axis 
had  devoted  a  large  and  increasing 
portion  of  its  science  and  technologi- 
cal strength  to  the  development  of 
new  instrumentalities  for  war  during 
the  preceding  decade,  and  the  Allies' 
similar  effort  had  been  extremely 
small  in  comparison,  this  was  indeed 
a  remarkable  accomplishment 


and  through  it  the  Laboratories'  tech- 
nical memoranda  went  to  all  groups 
who  had  official  clearance. 

In  1944  there  were  approximately 
20,000  authorized  visitors  to  Bell 
Laboratories.  Some  60  percent  were 
interested  in  radar  technology.  Nine 
thousand  were  from  American  in- 
dustries, 8,500  from  our  Services, 
1,700  from  the  NDRC,  and  500  from 
our  Allies. 

While  no  accurate  count  has  been 
kept  of  radar  memoranda  sent  to  the 
NDRC,  the  Services,  and  American 
industry,  a  count  of  those  supplied  the 
OSRD  for  transmission  to  our  Allies 
has  been  kept.  From  mid-1942  un- 
til the  end  of  1944,  about  500  such 
reports  were  sent.     This  is  approxi- 


Many  factors  contributed.   Two  of      mately    one-third    of    the    total    con- 


the  most  important  were:  The  Allies' 
scientific  and  technological  strength 
was  greater  than  that  of  their  ene- 
mies; and  the  coordination  of  effort 
and  the  cooperation  of  scientists, 
technologists,  and  the  military  within 
each  allied  country  and  between  them 


cerned  with  centimeter-wave  radar 
which  OSRD  transmitted.  One-third 
was  supplied  by  the  Radiation  Lab- 
oratory, and  one-third  by  all  others. 
Prior  to  mid- 1942,  Bell  Laboratories, 
after  Service  clearance,  supplied  the 
British  Scientific  Office  in  Washington 


were  at  a  high  level  of  effectiveness  with  some  300  memoranda  for  trans- 
while,  as  we  learned  after  the  war's  mission  to  the  British  Commonwealth 
end,   the  corresponding  coordination  organizations. 

and  cooperation  of  the  Axis  Powers  In  like  manner.  Bell  Laboratories 

were  at  a  low  level.  obtained    information    of    aid    to    its 
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program  from  the  laboratories  of  our  science  and  proceeding  through  or- 
dered steps  of  development,  design, 
manufacture,  and  installation  in  the 
Bell  System's  nation-wide  plant.  Over 


Allies,  Government,  and  American 
industry.  Because  of  its  volume,  men- 
tion has  frequently  been  made  of  the 
cooperation  between  these  ^.abora- 
tories  and  the  Radiation  Laboratory. 

Bell  System  s  Contribution  to 
Victory 

In  a  companion  article,  the  story  of 
Western  Electric's  enormous  produc- 
tion of  radar  for  our  Army  and  Navy 
is  told.  Western's  and  Bell  Labora- 
tories' contributions  are  an  integrated 
whole,  one  complementing  the  other. 
There  \vas  no  more  of  a  discontinuity 
in  the  smooth  and  ordered  flow  of  the 
radar  program  from  research  to  com- 
pleted equipment  betw^een  Labora- 
tories and  Western  than  between 
parts  of  the  program  within  each 
organization. 

This  teamwork  is  an  old  story;  for 
the  two  organizations  have,  over  a 
long  period,  provided  new  communi- 
cation facilities  for  the  Bell  System 
through  a  technical  program  begin- 
ning with  research  at  the  forefront  of 


the  years  the  teamwork  essential  to 
the  successful  carrying  out  of  this 
large  technical  endeavor  has  become 
increasingly  effective. 

These  organizations,  functioning  as 
a  unit,  turned  their  attention  to  radar 
in  1938  and  began  an  expansion  of 
effort  in  1940  which  continued  until 
the  war's  end.  Almost  50  percent  of 
their  expanded  capacity  was  used  in  a 
complete  radar  service  for  our  Army 
and  Navy.  This  service  was  similar 
in  so  many  ways  to  that  which  they 
normally  rendered  the  Bell  System 
that  it  was  possible  to  expand  rapidly 
every  phase  of  it  and  to  assume 
the  responsibility  from  development 
through  production  for  almost  half 
of  our  Services'  new  centimeter-radar 
systems.  The  volume  of  equipments 
produced,  the  extent  of  their  use,  and 
the  quality  of  the  service  they  ren- 
dered on  the  many  battlefronts  of  all 
theaters  of  the  war  are  measures  of 
the  Bell  System's  radar  contribution 
to  victory. 


Whos  Who  &  What's  What 

(Continued  from  page  2ig) 
Department.     He  entered  the  business  in 
191 3  as  chief  clerk  in  the  Commercial  De- 
partment at  Erie,  and  subsequently  served 
as  manager  at  Erie  and  Warren.     In  1919 


he  was  transferred  to  what  was  then  called 
the  Publicity  Department  in  Philadelphia, 
and  served  successively  as  advertising  su- 
pervisor and  general  information  manager 
prior  to  his  present  appointment,  which 
dates  from  1941. 


One  ok  the  most  remarkable  pictures  ever  made,  this  radar  mosaic  shows  the  State 

of  Florida  in  scale  of  1:3,999,999.     It  was  made  through  overcast  with  Western 

Electric  radar  bv  Armv  fliers  attached  to  Boca  Raton  Army  Airfield,  Florida 


Radar:   A  Story  in  Pictures 


Six  years  ago,  responsible  persons 
would  have  dismissed  as  fantastic  the 
idea  of  photographing  an  entire  state 
through  a  blanket  of  clouds.  Yet  to- 
day, the  production  of  mosaics  like 
that  on  the  opposite  page  has  become 
routine  for  military  men.  Perhaps 
never  before  in  the  history  of  science 
has  a  development  such  as  radar  pro- 
gressed with  such  amazing  speed. 
In  six  short  war-torn  years  radar 
mushroomed  into  a  $2,700,000,000 
development  and  production  enter- 
prise. The  many  stories  of  its 
achievements — helping  to  save  Brit- 
ain during  the  fateful  German  air  of- 


fensive, hunting  Nazi  wolf-packs  in 
the  Atlantic,  curtailing  the  V-i  men- 
ace, sinking  Japanese  shipping  both 
merchant  and  naval — all  have  impli- 
cit in  them  not  only  the  factors  of 
quality  and  quantity  production  but 
an  intangible  element  more  difficult 
to  sample  and  appraise.  It  is  that 
element  in  human  behavior  which 
rises  in  behalf  of  a  righteous  cause 
and  transforms  an  almost  fleeting 
Idea  into  magnificent  reality.  No 
other  explanation  accounts  fully  for 
the  radar  achievement. 

In  the  decade  from  1930  to  1940, 
aircraft  were  beginning  to  travel  with 
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When  the  target  comes   within   range,   airmen   switch    their  "p.p.i."   scopes    to 
"sector  scan"  (above)  and  bomb  with  the  aid  of  "electronic  cross-hairs" 
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An  aerial  reconnaissance  picture  of  the  Japanese  industrial  city  of  Toyama,  which 
turned  out  large  quantities  of  ball  bearings,  machine  tools,  textiles,  and  alloy  steels 


speeds  only  half  the  velocity  of  sound 
itself,  so  that  the  warning  interval 
which  could  be  achieved  by  listening 
was  quite  inadequate.  A  high-flying 
airplane  is  difficult  enough  to  detect 
visually  even  under  the  best  condi- 
tions; and  to  find  its  range  by  optical 
means,  the  only  pre-radar  method 
available,  always  proved  troublesome 
and  often  impossible.  The  accuracy 
of  anti-aircraft  fire  suffered  accord- 
ingly, and  It  appeared  that  a  success- 
ful defense  against  hostile  aircraft  by 
fighters  would  require  constant  pa- 
trolling plus  a  generous  measure  of 
plain  luck. 

Radar    made    possible    the    timely 


alerting  of  all  defenses.  Fighters 
could  be  "scrambled,"  and  then 
coached  to  an  advantageous  contact 
with  the  incoming  raid.  Anti-air- 
craft guns  could  be  pointed  automati- 
cally at  unseen  targets  with  greater 
precision  than  formerly  characterized 
the  sighting  of  visual  fire. 

Moreover,  radar  could  aid  greatly 
in  increasing  the  impact  of  offensive 
warfare.  For  example,  a  former 
axiom  of  sea  warfare  had  it  that 
naval  battles  were  decided  by  the  fac- 
tor of  who  happened  to  be  "up-sun" 
from  the  enemy.  With  radar,  our 
ships  slugged  through  whole  engage- 
ments  in   which    the   enemy   was   de- 


1945-46 


Radar:  A  Story  in  Pictures 


259 


ToYAMA  90  percent  aflame  as  the  Superfortresses  turn  homeward  on  the  lugiit  of 
August  1,  1945:  the  result  of  pinpoint  bombing  by  radar 


tected,  ranged  on,  and  sunk  without 
a  single  man  having  seen  him  visually. 

Before  the  days  of  radar,  either 
"base  weather"  or  "target  weather" 
could  bog  down  strategic  bombing 
forces.  By  the  war's  end,  airmen  re- 
turning to  fog-locked  bases  were 
talked  down  by  means  of  two-way 
radio  telephone  from  accurate  data 
supplied  by  land-based  radars.  Not 
only  could  radar-equipped  planes  navi- 
gate unerringly  to  the  target  area; 
they  could  line  up  on  the  target  and 
bomb  blind. 

As  the  war  drew  to  a  close,  specu- 
lation arose  as  to  the  peaceful  uses 
of  radar.     It  is  perhaps  fair  to  say 


that  radar,  as  radar,  will  have  an  im- 
mediate and  beneficial  effect  by  adding 
to  the  safety  of  air  and  sea  travel. 
But  the  impact  on  electronics  of  tech- 
niques developed  during  the  war  may 
well  outdistance  such  applications  by 
influencing  developmental  trends  in 
innumerable  articles  manufactured  for 
better  living.  Radar  made  the  elec- 
tronics industry  one  of  America's  ma- 
jor ones,  now  comparable  in  size  to 
the  prewar  automobile  industry.  This 
new  industry  can  be  expected  to  cre- 
ate, through  its  enormous  labora- 
tories and  factories,  new  channels  of 
commerce  and  new  opportunities  in 
many  different  directions. 


Right:    Radar's    predeces- 
sor, the  sound  locator 


Below:  The  Army's  first 
radar.  This  prototype  of 
the  famed  SCR-268  radar 
is  shown  during  its  initial 
test  in  the  late  1930s 
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Maj.  Gen.  Roger  B.  Coi.ton  (Ret) 


Dr.  a.  Hovt  Taylor 


Radar  s  Inventors 


Who  invented  radar?  This  ques- 
tion arises  again  and  again.  Like 
all  exceedingly  complex  achieve- 
ments of  the  present  technical 
age,  radar  owes  its  greatest  debt 
to  the  great  physicists  of  the 
preceding  centuries,  including 
Newton,  Maxwell,  and  Hertz. 
But  among  contemporary  work- 
ers, whose  genius  turned  ob- 
scure principles  of  science  into 
telling  adjuncts  of  modern  war- 
fare, a  few  names  deserve  spe- 


cial mention.  These  include 
Britain's  Sir  Watson-Watt;  the 
Army's  Maj.  Gen.  Roger  B.  Col- 
ton  (Ret.);  and  Dr.  A.  Hoyt 
Taylor,  who,  as  chief  consultant 
and  chief  coordinator  of  elec- 
tronics at  the  Naval  Research 
Laboratory,  Anacostia,  D.C., 
made  an  initial  discovery  in  1922 
which  proved  that  radio  echoes 
could  one  day,  with  the  speed  of 
light,  serve  to  locate  and  range 
targets. 
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Odd  associates:  a  neat  cottage  aiul  a  battleship's  tire-control  turret.     They  were 
among  the  structures  which  housed  Bell  Laboratories  radar  research 


Radar  Development 


Bell  Telephone  Laboratories 
and  the  NDRC  Radiation  Labora- 
tory at  the  Massachusetts  Institute  of 
Technology  shared  leadership  in  ra- 
dar research  and  development.     Ap- 


proximately half  of  Bell  Laborato- 
ries' research  effort  during  the  war 
was  devoted  to  radar  and  its  contri- 
butions exceeded  those  of  all  other 
industrial  laboratories  combined. 


LvsiDE  THIS  "weather  box,"  radar  developments  could  be  subjected  to  temperatures 
ranging  from  the  bitter  cold  of  polar  nights  to  the  humid  swelter  of  the  jungle 


Above:   An   experimental   radar  spots   its   first   test   target.     Below:   This   testing 
machine  simulates  the  pitch  and  roll  of  a  storm-tossed  fighting  ship 


264 


Bell  Telephone  Magazine 


An  SCR-268  radar  on  guard  near  Naples  during  the  Italian  campaign 


Radar — Its  Test  in  Battle 


The  assaults  on  England  by  the 
Luftwaffe,  which  the  British  had  an- 
ticipated for  so  long,  began  on  August 
8,  1940,  and  rapidly  increased  in  in- 
tensity. The  first  raids  were  directed 
at  RAF  bases,  but  by  September  the 
mass  raids  on  London  had  begun. 
England's  defensive  radar  chain  was 
to  have  its  first  great  test.  Strangely, 
it  seemed  to  the  British,  the  Germans 
attached  no  importance  to  the  sta- 
tions, although  the  great  masts  which 
marked  each  radar  site  afforded  an 
unmistakable  target. 

Despite  a  critical  shortage  of 
fighter  planes  and  pilots,  the  British 
were  able  to  spot  each  incoming  raid 


in  time  to  throw  fighters  against  it. 
The  necessity  for  constant  airborne 
patrols  of  fighters  was  removed  and 
the  few  to  whom  so  many  owed  so 
much  were  thrown  into  battle  econ- 
omically and  with  maximum  effect. 
Germany  suffered  her  first  great  de- 
feat of  World  War  IL 

The  battered  Luftwaffe  retired  be- 
hind the  Siegfried  Line  to  lick  its 
wounds,  while  Allied  science  and  in- 
dustry, urged  on  by  the  military,  em- 
barked on  an  ever-expanding  program 
of  radar  production  which  was  des- 
tined, more  than  any  other  material 
factor,  to  end  the  Axis  dream  of 
conquest. 


r 


Model  O   radars,   with   cradle-like  antennas  pointing  seaward,   stand   watch  on 

Okinawa 
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The  unwieldy  "Giant  VVurtzburg"  (above),  a  German  counterpart  of  U.S.   land 
radar.     Contrast  it  with  the  light,  easily  camouflaged  U.S.  search  radar  shown  below 


Radar  in  the  Air 

American    planes   used    radar    for  recting   our   planes'    attack;    for   fire 

navigation;    for    searcliing    out    the  control  of  our  planes'  guns;  and,  In 

enemy  and  following  his  movements;  addition,   for  both  tactical  and  stra- 

for    intercepting   his    planes    and    di-  tegic  bombing. 


In  a  B-29  (top  of  page)  the  radar  oper- 
ator   (above)    draws    a    radar    bead    on 
Omura,  Japan,  as  the  bombardier  (right) 
prepares  to  send  his  bombs  away 


Above:  Action  in 
the  plotting  room 
of  a  major  fleet  unit 
during  the  attack 
on  Mih 


Right:  The  wiggly 
Hne    on    the    "A" 

scope   (top  center) 

shows  the  range  of 

four  targets 


Radar 
at  Sea 


Technical  complexity,  which  for 
hundreds  of  years  has  characterized 
sea  warfare,  reached  new  heights  in 
the  plotting  rooms  of  fighting  ships 


during  World  War  II.  By  radar, 
skilled  officers  recorded  the  positions 
of  their  own  ships  and  planes  as  well 
as  those  of  the  enemy. 


Eyes  and  Ears  of  a  Carrier 


The  extensive  use  of  electronics  in 
World  War  II  is  reflected  in  this  complex 
array  of  antennas  atop  the  "island"  on  a 
modern  giant  of  our  aircraft  carrier  fleet. 
In  this  view,  at  least  28  radar  and  radio 
antennas  of  different  shapes  and  sizes  are 


outlined  against  the  sky.  These  may  be 
identified  by  the  corresponding  numbers 
listed  below.  Circled  in  the  picture  of  an 
Essex-class  carrier  at  the  bottom  of  the  page 
may  be  seen  the  identical  area  shown  in  the 
upper  photograph. 
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A    MANUFACTURER's-EYE    view    of    RADAl 


Office  of  the  Engineer  of  Manufacture,  Special  Products  Building,  Point  Breeze 

Radar — and  the  Engineer 


Of  necessity,  radar  required  an 
enormous  concentration  of  engineer- 
ing talent.  In  addition  to  the  thou- 
sands employed  by  home-front  lab- 
oratories   and    factories,    more    than 


500  Western  Electric  and  Bell  Lab- 
oratories engineers  followed  the 
equipment  into  forward  military 
areas.  By  the  war's  end  one  was 
aboard  every  major  unit  of  the  fleet. 


Field  engineers  in  China  get  a  home-front  report  on  their  work 


Industrial  bombsight 


Radar  Tooling 

Radar  required  many  tools  and  fix- 
tures unlike  those  utilized  for  the 
production  of  telephone  equipment. 
More  often  than  not,  standard 
tools  did  not  exist  for  the  job.  This 
meant  the  design  and  manufacture 
of  new  tools,  a  significant  number 
of  which  were  produced  in  Western 
Electric's  own  tool  rooms. 


The  assembly  of  precision  radar  components  required  clean,  well-lighted  rooms 


The  ''Ash'' 


"Give  us  a  lightweight  radar," 
demanded  the  Armed  Forces, 
"one  which  can  be  installed 
quickly  beneath  the  wings  of  our 
fighters.  It  should  spot  targets 
clearly  up  to  twenty  miles  or 
more.  It  should  weigh  less  than 
a  man.  Means  should  be  pro- 
vided so  that  it  can  be  dropped 
at  the  touch  of  a  button  during 
the  heat  of  combat.  Its  design 
should  anticipate  quantity  pro- 
duction, widely  divergent  appli- 
cation, and  easy  maintenance." 
Bell     Telephone     Laboratories 


answered  with  the  bomb-like 
ASH.  A  contract  dated  June  6, 
1943,  the  largest  single  order 
received  by  Western  Electric 
during  the  war,  called  for  12,- 
500  ASH  radars.  This  was  but 
one  of  four  contracts  for  the 
project,  which  continued  through 
V-J  day.  The  ash  was  manu- 
factured by  Western  at  Haw- 
thorne's Kolmar  Avenue  shop. 
The  techniques  devised  for  its 
production  are  representative 
of  the  most  advanced  practices 
found  In  American  Industry. 


Final  assembly  and  wiring  of  the  ash 


Testing  transmitters  and  high  voltage  power-supply  sets 


Making  final  adiustnienrs  of  the  suspension  mechanism 


Spray  painting  the  ash 


In  this  final  test  room  the  ash  gets  its  first  look  at  Chicago 


Radomes  of  ASH  radars  on  test  overlook  Chicago  targets 


w^ 


The  ash  as  carried  by  three  types  of  planes:  a  F4U-1D  fighter;  an  Avenger  torpedo 

bomber;  and  a  Navy  PTR 


Kearny  women  made  precision  bombing  radars  for  the  B-2ys 


Hawthorne   women   assemble  "range" 
units  for  ash  radar 


These  Women  Made 
Radar 

The  manufacture  of  57,000  ra- 
dars, In  addition  to  other  Western 
Electric  war  work,  meant  doubling 
the  size  of  the  pre-war  organiza- 
tion and  integrating  tens  of  thou- 
sands of  new,  untrained  workers 
into  a  unit  of  long  and  specialized 
experience.  That  these  newcomers 
to  the  ranks,  most  of  whom  were 
women,  adapted  themselves  quickly 
and  earnestly  to  new  habits  of  work 
and  helped  the  Company  to  break 
all  previous  production  records 
stands  as  a  great  tribute  not  only 
to  them  but  to  the  long-service  em- 
ployees whose  cooperation  the  new 
workers  so  richly  returned  in  kind. 


Antenna  wiring 


Adjusting 


Apparatus  assembly 


IF.CE  PART  assembly 


Final  inspection- 


R.  D.  R. 

A  SHIPPING  CASE  encircled  with  a 
red  band  bearing  the  magic  initials 
"R.D.R."  became  an  object  for  top 
priority  handling  among  merchan- 
dise and  transportation  experts 
during  the  war.  Radar  (R.D.R.) 
did  not  always  leave  the  shipping 
platform  in  a  box,  however.  Of- 
ten long  caravans  of  self-propelled 
radars  left  the  factory  surrounded 
by  armed  guards  and  with  WAC 
drivers.  The  packaging  of  radar 
called  for  the  utmost  care  and  in- 
genuity because  safe  delivery  re- 
quired the  shipment  withstand  ev- 
ery known  hazard  of  transport  and 
climate.  Military  men  admon- 
ished those  who  packed  radar,  "Re- 
member, upon  arrival  a  radar  is  no 
better  than   the  box  it  comes  in." 


Packaging  B-29  antennas  in   airtight  bags 


Double-packing  parts  in  cardboard  containers.  Below:  drive-away  delivery  of  radars 


Overcoming  Problems  oj  Manpower^  Materials^  Facilities^ 

and  Experience^  the  Bell  System' s  Manufacturing  AJffili- 

ate  Became  the  Nation  s  Largest  Source  of  Radar 


Radar  and  Western 
Electric 

Frederick  R.  Lack 


One  afternoon  in  the  early  Fall  of 
1940,  a  woodworker  in  the  Qiieens- 
boro  plant  of  the  Western  Electric 
Company  on  Long  Island  fed  a  big 
slab  of  plywood  into  the  whining  teeth 
of  a  power  saw.  Probably  no  one 
at  Queensboro,  where  the  sounds  and 
sights  and  smells  of  woodworking  are 
a  commonplace  of  life,  realized  the 
significance  of  that  historic  moment. 
Yet,  as  the  first  manufacturing  oper- 
ation on  the  first  radar  piece  part,  it 
marked  the  start  of  the  greatest  task 
ever  undertaken  by  the  Company — 
the  supply  of  nearly  a  billion  dollars' 
worth  of  radar  and  accessory  equip- 
ment for  World  War  II. 

Before  many  months  passed,  the 
demands  of  the  radar  job  permeated 
the  Company's  entire  organization, 
even  though  few  people  knew  that 
such  a  device  as  radar  existed.  Un- 
der a  blanket  of  military  secrecy  the 
work  fanned  out  from  Kearny  to 
Hawthorne,    to    Point    Breeze    and. 


eventually,  spread  into  leased  quar- 
ters scattered  half  way  across  the 
country.  But  such  was  the  size  of  the 
undertaking  that  even  these  facilities 
were  not  enough.  So,  the  Company 
enlisted  the  cooperation  of  sub-con- 
tractors— at  first  a  few,  then  hun- 
dreds, and  finally  thousands. 

Given  a  preparation  interval  com- 
mensurate with  the  magnitude  of  the 
job,  radar  would  not  have  proved 
more  diflScult  to  manufacture  than 
telephone  equipment.  The  new  tech- 
nical elements  introduced  by  radar 
are,  of  course,  complex.  So  are  those 
found  in  a  modern  telephone  central 
office.  The  manufacture  of  both  re- 
quires techniques  and  processes  of 
great  exactness.  But  this  was  war, 
and  time  was  of  the  essence.  Years 
had  to  be  compressed  into  months  and 
months  into  hours.  Allied  war  lead- 
ers promised  the  continuous,  'round- 
the-clock'  bombing  of  the  enemy — 
an  enemy  screened,  the  greater  por- 
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tion  of  the  time,  by  darkness  or  heavy 
blankets  of  cloud.  Victory,  and  the 
lives  of  thousands  of  our  men,  hinged 
on  the  penetration  of  that  screen  by 
radar  without  delay.  This  was  the 
urgent  necessity.  This  was  Western 
Electric's  time  table. 

A  mantfacturer's  capacity  to  pro- 
duce can  be  measured  in  terms  of 
four  interdependent  elements:  man- 
power, materials,  facilities,  and  ex- 
perience. When  Western  Electric 
was  asked  by  the  Government  to  un- 
dertake the  manufacture  of  radar, 
the  Company  was  more  than  ade- 
quately endowed  with  all  these  es- 
sentials. 

It  had  on  roll  a  total  of  43,500 
people.  Its  warehouses,  and  those 
of  its  suppliers,  were  stocked  with 
just  about  every  substance  for  which 
the  mind  of  man  had  contrived  a  use. 
At  its  disposal  were  198  acres  of 
manufacturing  space.  For  almost 
three  quarters  of  a  century,  the  or- 
ganization had  practiced  the  special- 
ized arts  and  crafts  of  fine  electrical 
manufacture  and  the  Company  took 
pride  in  the  fact  that  throughout  its 
history  It  had  concentrated  on  manu- 
facturing for  maximum  service. 

Given  anything  like  "normal"  con- 
ditions for  Its  work,  the  Company 
could  count  on  a  production  potential 
of  some  $400,000,000  annually.  The 
earliest  orders  for  radar  amounted 
to  a  mere  fraction  of  this  and,  there- 
fore, aroused  no  more  than  a  flicker 
of  Interest  In  a  few  specialized  de- 
partments, which  were  already  heav- 
ily involved  in  building  radio  tele- 
phone sets  for  the  Air  Force. 

Then  the  flood  gates  broke.  Wave 
after  wave  of  orders  for  equipment 
swept  in,  calling  for  radar  of  many 


types.  The  Government  found  In  the 
Western,  and  Its  research  and  devel- 
opment associate.  Bell  Telephone 
Laboratories,  two  qualities  almost 
unique  in  American  industry:  the 
ability  to  design  and  produce  the  pre- 
cise mechanical  and  electrical  ele- 
ments required  by  radar;  and  the 
facility  quickly  to  change  and  adapt 
manufacturing  techniques  in  pace  with 
the  rapid  advances  of  the  new  radar 
art. 

The  Size  of  the  Job 
Which  Western  Did 

A  BRIEF  GLANCE  at  some  of  the  sta- 
tistics of  the  radar  job  Indicates  the 
vast  proportions  of  the  undertaking. 

During  the  war  years,  the  Western 
supplied  the  Government  with  more 
than  57,000  radars,  of  70  difterent 
types,  valued  at  nearly  $900,000,000. 
The  Company  was  the  nation's  larg- 
est source  of  radar,  and  In  dollar 
volume  it  supplied  the  Government 
with  half  of  all  the  radar  made  in  the 
United  States.  In  the  peak  year  of 
1944  the  Western  supplied  22,000 
radars,  worth  $340,000,000. 

During  the  w'ar  period,  the  Com- 
pany supplied  more  than  5,000  radars 
for  use  on  the  ground  alone.  Some 
of  these  were  iiuge  affairs  filling  sev- 
eral truck  and  trailer  units  which 
weighed  up  to  70,000  pounds  and 
contained  enough  power  generating 
equipment  to  light  a  small  city.  More 
than  6,000  of  Its  radars  went  aboard 
the  Navy's  fighting  ships  where, 
among  other  functions,  they  pointed 
all  of  the  big  guns  and  directed  the 
aiming  of  our  submarines'  torpedoes. 
Forty-six  thousand  went  aloft  with 
the  nation's  air  forces,  including  those 
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which  the  big  B-29's  used  exclusively 
for  precision  radar  bombing. 

The  story  of  radar's  development 
and  refinement  is  told  in  a  companion 
article  beginning  on  page  221  of  this 
issue.  That  story,  like  the  one  chron- 
icling radar  manufacture,  spans  a 
peak  interval  of  less  than  rive  years; 
vet  such  was  the  activity  of  those 
\ears  that  what  began  as  a  vague 
hope  in  the  minds  of  a  handful  of 
Army  and  Navy  officers  emerged  as 
a  multi-billion  dollar  enterprise  with 
all  the  careful  controls  of  a  long- 
established  Industry. 

^^Sign  Here  .  .  .  and 
Go  to  Work'' 

For  Western  Electric,  the  story 
began  in  the  late  summer  of  1938.  A 
small  group  of  engineers  from  West- 
ern Electric  and  Bell  Telephone  Lab- 
oratories visited  Sandy  Hook,  at  the 
invitation  of  the  Signal  Corps,  to  in- 
spect a  radar  on  test  at  Fort  Hancock. 
The  experimental  model  had  been 
constructed  under  the  far-seeing  lead- 
ership of  Col.  Roger  B.  Colton  (later 
a  Major  General  and  now  retired) 
who,  overcoming  manv  discourage- 
ments and  disappointments,  was 
rinally  able  to  demonstrate  the  feasi- 
bility of  building  a  mobile  unit  which 
could  be  used  by  troops  in  the  rield 
for  detecting  and  ranging  an  airplane 
by  electronic  methods. 

Impressed  with  the  soundness  of 
the  idea,  the  visiting  engineers  prom- 
ised their  cooperation  in  furthering 
the  development.  Over  the  succeed- 
ing two  years,  they  found  numerous 
occasions  for  lending  encouragement 
and  active  support  to  the  project — al- 
though no  formal  agreement  between 
the  Government  and  the  Company  ex- 


isted. That  was  initiated  on  August 
23, 1940. 

The  afternoon  was  hot.  Once 
again,  at  the  invitation  of  Col.  Col- 
ton, the  engineers  had  assembled  to 
witness  the  test  of  an  Army  ratlar — 
this  time  the  model  destined  to  be- 
come the  famed  SCR-268.  Oppor- 
tunities for  additional  improvement 
suggested  themselves  to  the  engi- 
neers that  afternoon;  but  authority 
to  proceed,  and  the  necessarv  funds, 
were  missing.  Col.  Colton  drove 
back  to  the  administration  building 
and  the  session  drew  to  a  discouraging 
close.  Just  as  the  partv  was  prepar- 
ing to  leave  for  the  day,  a  familiar 
blue  coupe  bearing  two  officers  dashed 
down  the  dusty  roads  of  Sandy  Hook 
and  came  to  a  grinding  halt.  "Come 
here!",  yelled  the  driver  Capt.  (later 
Colonel)    Rex  Corput. 

As  one  of  the  engineers  approached 
the  car,  its  other  passenger,  Col.  Col- 
ton, thrust  a  large  double  sealed  en- 
velope from  the  opened  door. 

"Sign  here,  my  boy,  and  go  to 
work,"  he  commanded. 

Going  to  work  meant,  first  of  all, 
a  further  series  of  conferences  be- 
tween the  technical  personnel  of  the 
Army,  the  Western,  and  Bell  Tele- 
phone Laboratories;  the  completion 
of  a  final  design;  and  the  manufac- 
ture of  a  preliminary  model.  Simul- 
taneously, as  information  became 
available,  work  was  started  on  the 
manufacturing  analysis,  a  painstaking 
process  of  answering  with  accurate 
written  orders  and  drawings  such 
questions  as:  How  many  machine 
tools,  jigs,  and  fixtures  will  the  job 
require?  How  can  the  available 
space  be  utilized  to  effect  the  smooth- 
est   production    flow?      What    kinds 
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and  amounts  of  raw  material?  What 
manufactured  materials  and  from 
what  sources?  How  many  men  and 
women,  and  of  what  skills? 

Although  few  people  associated 
with  the  project  understood  Its  pre- 
cise nature,  all  were  conscious  of  its 
Importance  to  the  Government.  The 
period  of  the  "phoney  war"  in  Eu- 
rope had  ended  and  President  Roose- 
velt had  proclaimed  a  state  of  na- 
tional emergency.  Things  moved 
rapidly,  and  before  many  weeks  the 
new  radar  makers  succeeded  in  nurs- 
ing their  first  production  model 
through  its  myriad  of  detail. 

Late  one  afternoon  the  first  SCR- 
268  made  by  Western  Electric  ar- 
rived for  test  at  Fort  Hancock — pro- 
tected from  prying  eyes  beneath  a 
shroud  of  canvas  and  surrounded  by 
an  armed  guard.  In  the  meantime, 
at  the  Government's  request,  the 
Company  had  erected  half  a  dozen 
wooden  buildings  on  the  military  res- 
ervation, and  the  first  radar  was 
wheeled  into  one  of  these  by  a  group 
of  eager  though  nervous  engineers. 
By  the  time  all  the  gear  was  unllm- 
bered,  external  electrical  connections 
made,  and  the  covering  removed,  the 
day  had  drawn  to  a  close.  Normally, 
the  men  would  have  gone  home. 

But  excitement  filled  the  air  and 
work  continued  In  the  half-light  of 
the  early  evening.  Last  minute  ad- 
justments were  carefully  rechecked. 
Then  three  men  climbed  the  Iron  steps 
and  settled  themselves  In  the  big 
bucket  seats.  Azimuth  and  elevation 
wheels  began  to  turn.  The  great  an- 
tenna swung  slowly  In  the  direction 
of  Brooklyn. 

Finally,  with  everyone  holding  his 
breath,   the   main   power   switch   was 


thrown.  A  faint  musical  hum  rose 
from  the  equipment,  and  everyone 
sighed  with  relief  that  there  were  no 
Internal  flashovers.  Then,  after  a 
moment,  a  thin,  jagged  line  of  bril- 
liant green  darted  across  the  face  of 
each  "scope." 

"Look,"  exclaimed  a  nearby  G.L, 
"a  target  ...  at  ...  at  ..  .  44,000 
yards!  Tt  must  be  the  Coney  Island 
gas  tank." 

The  first  W.E.  radar  was  "on  the 
air." 

More  than  2,000  of  the  old  reliable 
268s  were  to  fight  valiantly  In  World 
War  II.  They  went  ashore  with  the 
G.I.s  at  Guadalcanal  and  North 
Africa.  Their  lightning-fast  waves 
echoed  through  the  rugged  terrain  of 
all  southern  Italy.  The  Spring  of 
1945  found  them  helping  to  guard 
the  Remagen  bridge,  and  even  today 
their  silent  watch  continues  over 
American  outposts  scattered  through- 
out the  vast  Pacific  area. 

Engineering  Was  Never  Finished 

Germany  tried  to  blitz  her  way  to 
victory  by  hurling  huge  masses  of  men 
and  machines  against  the  Allies.  She 
achieved  the  great  Initial  production 
essential  to  this  strategy  through  the 
expedient  of  freezing  designs  and  em- 
ploying static  processes.  To  her  lead- 
ers, this  seemed  a  reasonable  policy. 
But,  in  the  end,  it  proved  a  major  fac- 
tor in  her  defeat.  In  contrast,  our 
Armed  Forces  demanded  "better  and 
better"  as  well  as  "more  and  more." 
Accordingly,  the  average  life  of  a 
Western  Electric  radar  project 
spanned  less  than  a  year.  Even  dur- 
ing this  short  interval,  thousands  of 
detail  design  changes  were  handled 
on  a  single  project  and,  as  a  result. 
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engineering  was  never  finished.  Kach 
radar  design  required  a  sizable  engi- 
eering  staff  until  the  hist  equipment 
was  shipped.  Antenna  spinners,  for 
example,  which  are  devices  that  help 
to  shape  radar  waves  into  a  pencil- 
like beam,  were  under  constant  change 
as  the  engineers  sought  to  improve 
their  useful  life  and  to  achieve  a 
clearer,  sharper  representation  of  the 
target  on  the  viewing  scope. 

Each  of  these  thousands  of  de- 
sign modifications,  even  those  of  a 
minor  nature,  caused,  in  general, 
other  thousands  of  changes  in  the 
elemental  manufacturing  operations 
— or  in  the  timing  or  grouping  of 
those  operations.  Each  change  meant 
new  manufacturing  layouts,  the  need 
to  relieve  resulting  work  pile-ups 
along  the  assembly  line,  the  necessity 
of  acquiring  new  skills,  new  work 
habits,  or — in  extreme  cases — new 
personnel. 

The  lujinitude  of  Radar  Parts 

Radar  appears  different  to  the  eyes 
of  each  beholder.  To  the  fighting 
man  of  World  War  II,  it  was  a 
weapon  of  imperative  necessity.  The 
public  saw  it  as  a  dark  miracle 
wrought  by  the  magic  of  science.  To 
the  manufacturer,  radar  was  an  over- 
whelming complexity  of  intricate 
piece-parts. 

These  parts  range  in  size  from 
carefully  fashioned  microscopic  specks 
to  great  castings  taller  than  a  man. 
Some  radar  designs  called  for  as- 
sembling as  many  as  7,000  interre- 
lated parts  into  a  space  no  larger  than 
a  hat  box.  Other  radar  mechanisms, 
of  the  same  size,  demanded  voids  as 
empty  as  the  space  between  the  stars. 

It  is  only  by  thinking  in  terms  of 


these  numerous  and  varied  piece- 
parts,  and  the  many  individual  manu- 
facturing processes  behind  each  one, 
that  the  true  perspective  of  the  West- 
ern Electric  radar  project  begins  to 
emerge. 

Size,  or  even  apparent  simplicity, 
is  no  index  to  the  complexity  of  a 
part's  manufacture.  F^or  example, 
one  vacuum  tube,  known  to  engineers 
as  a  "cavity  magnetron,"  requires  a 
short  stubby  tube  of  copper,  the  in- 
ner surface  of  which  is  uniformly 
pierced  by  a  series  of  slots  resembling 
precision-cut  keyholes.  In  one  model, 
the  tube  is  no  larger  than  a  lady's 
thimble.  Yet  its  formation  required 
ijS  separate  operations.  Even  the 
metal  cabinets  which  house  the  radar 
parts  can  prove  deceptive  to  the 
casual  eye.  Many  of  the  cabinets  re- 
semble those  which  cover  the  mech- 
anism of  teletypewriters.  What 
appears  as  a  simple,  single,  teletype- 
writer cabinet  is  actually  made  by 
punching,  cutting,  drilling,  stamping, 
bending,  forming,  inspecting,  assem- 
bling and  finishing  225  separate 
parts! 

What  Those  Parts  Are  Made  Of 

Radar  was  assembled  in  a  great  va- 
riety of  containers:  some  in  pressure- 
tight  castings;  some  in  light  aluminum 
boxes;  and  some  composed  of  strange 
new  materials  transparent  to  radio 
waves  but  air-  and  water-tight.  A 
long  and  exciting  story  might  be 
written  of  the  successful  search  for 
this  substance.  When  finally  dis- 
covered by  engineers  of  Bell  Tele- 
phone Laboratories,  and  fashioned 
with  the  help  of  the  men  and  women 
of  Western  Electric,  the  performance 
of  the  new  material  more  than  justi- 
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tied  the  long  search.  In  one  form  It 
became  the  "nose"  of  the  deadly 
"Bat",  a  ratlar-controlled  bomb  whicii 
sniffed  its  wav  unerringly  to  Japanese 
shipping  when  loosed  in  the  vicinity 
of  the  target  bv  American  airmen. 

Many  of  the  raw  materials  from 
which  radar  parts  are  made  are  fabri- 
cated in  the  Company's  own  shops. 
Magnetic  materials,  particularly  of 
the  family  known  as  "permalloys," 
are  produced  in  large  quantities.  In- 
cluding the  non-ferrous  metals  and 
their  alloys — brass,  bronze,  nickel- 
silver  and  the  like — the  capacity  of 
the  metals  manufacturing  plant,  while 
small  compared  with  plants  devoted 
exclusively  to  the  business,  amounts 
to  1,250,000  pounds  a  month. 

In  this  same  plant  precious  metals, 
measured  in  fractions  of  an  ounce  in- 
stead of  pounds — such  as  gold,  silver, 
platinum  and  others — are  reclaimed 
for  re-use  and  then  recombined.  To 
the  casual  visitor  examining  one  of 
the  products,  what  at  first  may  appear 
as  a  coil  of  light  wire  may  prove  on 
close  inspection  to  be  a  thin  bi-metal 
tape  composed  of  gold  worth  $35  an 
ounce  welded  to  a  heavier  thickness  of 
nickel  worth  35  cents  a  pound.  Such 
tapes  permit  the  current-carrying 
springs  of  radar  to  make  and  break 
the  electrical  circuits  without  burning 
awav  in  the  resulting  arc. 

Another  materials  shop  essential 
to  radar  manufacture  specializes  in 
ceramic  products.  Most  of  its  prod- 
ucts were  developed  to  satisfy  the 
Company's  own  exacting  require- 
ments: jewel-like  colored  glasses, 
porcelain,  glazes  for  porcelain  and 
metal,  and  materials  of  low  electri- 
cal loss  for  use  at  the  high  radio  fre- 
quencies demanded  by  radar  appli- 
cations. 


Space  does  not  permit  even  a  high- 
light listing  of  all  the  raw  material 
products  or  the  shops  which  manu- 
facture them.  Some  materials  are 
extremcK  rare  and  have  long  names 
comprehensible  only  to  chemists, 
others  are  as  common  as  clay  and  en- 
ter into  the  manufacture  of  apparatus 
familiar  to  everv  telephone  user. 

Use  of  Standard  Parts 

Standard  telephone  apparatus,  in- 
cidentally, served  radar  with  great 
distinction  along  with  more  exotic 
components.  Everv  system  left  the 
shipping  platform  with  a  full  comple- 
ment of  jacks,  plugs,  keys,  and  relays. 
The  same  old  reliable  jacks,  plugs, 
kevs,  and  relavs  so  familiar  to  all 
telephone  people,  they  came  to  be  the 
building  blocks  of  radar. 

As  every  telephone  man  knows, 
such  apparatus  must  be  adjusted  and 
otherwise  serviced  with  the  help  of 
special  tools  ranging  from  odd- 
shaped  screwdrivers  to  "feeler" 
gauges.  In  the  final  year  of  the  war 
alone  the  Company  supplied  the  Gov- 
ernment with  approximately  1,000,- 
000  of  these  tools  made  up  in  150 
different  designs,  a  substantial  por- 
tion of  which  was  employed  for  ra- 
dar servicing. 

Another  important  class  of  appara- 
tus, common  to  both  radar  and  the 
telephone.  Is  the  repeating  coil  trans- 
former or  "choke".  A  properly  de- 
signed coil  of  copper  wire  does  much 
the  same  kind  of  w'ork  In  a  radar  cir- 
cuit as  that  of  a  wheel  In  a  machine — 
It  helps,  among  other  functions,  to 
keep  the  machine  running  smoothly 
and  enables  power  to  be  transmitted 
effectlvelv  from  one  part  of  the  mech- 
anism to  another.  During  the  last 
full    vear    of    the    war    the    Western 


1945-46 


Radar  and  Western  Electric 


289 


made  9,300,000  of  these  "electrical 
wheels,"  valued  at  $42,000,000,  and,  , 
in  addition,  purchased  3,000,000 
more  from  other  manufacturers. 
Only  part  of  them  went  into  radar; 
yet  the  consumption  of  radar  coils 
ran  into  millions. 

So  great  did  the  need  for  coils  be- 
come that  a  special  coil  shop  was 
established  in  a  former  shoe  factory 
at  Haverhill,  Mass.  The  project  was 
undertaken  with  only  a  skeleton  force 
of  experienced  people,  who  then 
trained  2,000  others  recruited  locally. 
In  a  few  months  the  new  shop  was 
winding,  insulating,  potting,  and  test- 
ing some  8,000  types  of  standard 
coils.  Within  a  year  770  new  kinds 
of  coils  were  introduced  into  manu- 
facture. 

Many  of  these  new  coils  were  ex- 
ceedingly complex.  A  simple  coil  of 
open  construction  had  formerly  been 
used  in  one  part  of  an  airborne  radar 
circuit.  This  coil  had  the  advantage 
of  light  weight,  small  size,  and  low^ 
cost;  but  it  had  the  disadvantage,  un- 
der tropical  conditions,  of  suscepti- 
bility to  moisture  and  fungus  growth 
to  a  degree  which  could  not  be  toler- 
ated. Weight  considerations  pre- 
cluded sealing  it  in  a  metal  can.  After 
an  extended  hunt,  the  Laboratories' 
engineers  came  up  with  a  compromise. 
Beginning  with  talc  (the  base  of  face 
powder)  and  the  oil  of  cashew  nuts, 
they  concocted  a  black  viscous  liquid. 
Large  pumps  circulated  this  between 
mixing  vats  and  the  tanks  of  a  special 
dipping  and  drying  machine. 

An  automatic  conveyer  transported 
the  radar  coils  through  the  bath  and 
an  air  drying  cycle  and  finally  deliv- 
ered them  to  a  constant-temperature 
oven.     In  this  oven,  the  chemistry  of 


the  black  liquid  underwent  a  radical 
change,  which  engineers  call  poly- 
merization, and  the  light-weight  coil 
emerged,  still  a  light  w'eight,  but  in- 
cased in  a  thin  though  amazingly 
tough  armor — a  match  for  the  cli- 
mate of  any  battle  area. 

In  all.  Western  Electric  set  up  16 
satellite  plants  in  nine  cities  to  assist 
its  main  plants  in  turning  out  land, 
sea,  and  air  radars  of  seventy  dif- 
ferent kinds  ranging  in  size  from 
huge  multi-ton  jobs  to  those  for  air- 
craft weighing  no  more  than  the  pilot 
of  the  plane. 

In  Baltimore,  the  broad  interior  of 
a  former  airplane  factory  soon  be- 
came an  orderly  patchwork  of  work 
benches,  office  areas,  engineering  cu- 
bicles, and  tool  cribs.  Carloads  of 
raw  material  entering  the  hangar  on 
one  side  rolled  out  the  other  as  giant 
ground  radars,  each  supported  by  30 
heavy  truck  tires. 

The  former  shoe  factory  in  Haver- 
hill shared  its  radar  load  with  a  for- 
mer laundry  in  Jersey  City,  and  with 
what  had  been  an  ordnance  plant  in 
Eau  Claire,  Wise.  Ex-garages,  ware- 
houses, engine-parts  plants — almost 
any  building  with  a  roof  that  did  not 
leak,  or  which  had  one  that  could  be 
repaired — qualified  as  a  radar  shop 
if  the  community  could  provide  people 
enough  to  staff  it  with  workers.  By 
the  war's  end  the  Company's  total 
manufacturing  space  had  increased  to 
329  acres.  .j 

Women  Helped  to  Solve  the 
Manpower  Problem 

The  necessity  of  recruiting  and 
training  additional  manpower  to  meet 
the  demands  on  Western  by  the  Serv- 
ices was  felt  earlv  in  the  war.     Suffi- 
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cient  men,  with  or  without  manufac- 
turing experience,  were  not  available. 
Hence  the  Company  turned  to  women. 
In  1873  Western's  first  woman 
shop  employee  took  her  place  at  the 
work  bench.  Through  the  years  her 
numbers  grew,  and  by  1941  the  Com- 
pany could  take  pride  in  the  fine  rec- 
ord of  accomplishment  made  by  three 
generations  of  women  employees.  In 
1 94 1,  women  comprised  about  20  per 
cent  of  the  total  employment.  At  the 
time  of  maximum  wartime  employ- 
ment, August  1944,  when  the  total 
reached  97,416  employees,  the  pro- 
portion of  women  had  increased  to 
60  percent.  At  no  time  during  the 
war  did  the  number  of  male  employ- 
ees rise  substantially  above  the  peace- 
time figure.  In  effect,  men  employed 
and  trained  for  radar  production  and 
other  war  work  served  as  replace- 
ments for  the  28,000  released  to  the 
Armed  Forces  and  Merchant  Ma- 
rine. 

The  thousands  of  newly  employed 
women  who  made  radar  ranged  in 
age  from  schoolgirls  to  grandmothers 
and  in  experience  from  housewives  to 
actresses.  Prior  to  the  war,  few  of 
them  had  ever  visited  a  factory,  much 
less  worked  in  one. 

Although  no  set  formula  exists 
either  for  removing  the  complexity 
from  a  strange  piece  of  radar  gear  or 
for  endowing  a  pair  of  unskilled  hands 
with  the  deftness  of  long  practice,  the 
Western's  manufacturing  engineers 
found  that  almost  anyone  can  learn 
quickly  to  perform  three  or  four 
simple  operations,  particularly  if  the 
same  sequence  is  repeated  over  and 
over  at  intervals  of  about  a  minute  or 
so.  To  utili/.e  the  services  of  these 
new  people  effectively,  the  Company 


intensified  two  long-established  pro- 
grams; one  involved  work  simplifica- 
tion, and  the  other,  training. 

To  qualifv  these  untrained  women 
for  radar  production,  therefore, 
the  Company's  engineers  analyzed, 
grouped,  and  timed  all  of  the  ele- 
mental operations  through  which  bits 
of  raw  material  became  finished  piece 
parts.  Then,  step  by  step,  they  con- 
tinued the  process  as  piece  parts 
merged  to  form  sub-assemblies,  as 
sub-assemblies  combined  into  final  as- 
semblies and  the  whole  finally  evolved 
as  an  enormous  complex  of  electronic 
fighting  gear,  tested  and  often  packed 
specially  for  duty  overseas. 

The  Importance  of  Sub-Contracting 

If,  early  in  the  war,  the  Company 
had  not  undertaken  a  far-sighted  pro- 
gram of  sub-contracting,  it  would 
have  been  swamped  by  the  influx  of 
Government  orders.  To  facilitate 
sub-contracting,  each  major  Western 
Electric  location  surveyed  the  manu- 
facturers in  its  area  to  ascertain  the 
type  of  work  for  which  they  were 
best  qualified.  The  surveys  covered 
more  than  6,000  firms:  a  few  very 
large  ones,  and  the  remainder  em- 
ploying from  one  or  two  people  to 
several  thousand. 

To  most  of  the  sub-contractors, 
radar  represented  a  far  cry  from 
peacetime  pursuits.  A  manufacturer 
of  slot  machines,  for  example,  turned 
out  a  light-weight  precision  antenna 
for  an  air-borne  radar.  The  manu- 
facturer of  cabinets  to  house  the  ra- 
dar which  controls  the  firing  of  the 
biggest  guns  on  the  heaviest  battle- 
ships was  formerly  a  maker  of  metal 
clothes  lockers.  The  precision  an- 
tenna drive  for  a  large  ground  radar 
came  from  a  maker  of  laundrv  rna- 
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chincry.  A  producer  of  pots  and  pans 
iTiade  tail  sections  for  the  bomb- 
shaped  radar  carried  beneath  the 
wings  of  air  fighters.  The  metal 
frame  for  this  same  radar  came  from 
the  shop  of  a  bicycle  manufacturer  in 
Chicago.  Finely  made  mechanical 
parts  came,  surprisingly  enough,  from 
a  nationally  known  cereal  firm,  which 
maintains  a  precision  machine  shop 
for  the  peacetime  production  of 
packaging  machinery.  The  require- 
ments for  aiming  a  large  radar  ac- 
curately are  not  unlike  those  de- 
manded by  astronomers  of  their  big 
telescopes.  The  manufacturer  of  the 
mount  for  the  giant  200-inch  tele- 
scope atop  Mt.  Palomar  made  an- 
tenna mountings  for  Western's 
groimd  radars. 

Sub-contracting,  of  itself,  made 
heavy  demands  upon  the  organiza- 
tion. The  Company  found  long  ago 
that  it  is  not  possible  to  place  an  or- 
der either  in  its  own  shops  or  with 
another  manufacturer  and  then 
merely  wait  for  schedules  to  be  met. 
During  the  war  the  meeting  of  Gov- 
ernment schedules  became  supremely 
important.  The  Company  would  be 
told  that  a  battleship  intended  to  drop 
anchor  in  a  certain  harbor  for  repairs 
on  a  specified  date.  During  the  re- 
pair interval,  usually  short,  the  Navy 
wanted  to  install  a  new  radar  which 
would  permit  new  and  improved  tac- 
tics on  the  next  mission.  Any  failure 
to  meet  the  delivery  schedule  on  the 
new  equipment  might  force  the  ship 
to  rejoin  her  fleet  without  it  and  delay 
the  use  of  these  new  tactics,  with  the 
possibility  of  losing  all  the  advantage 
of  surprise. 

In   embarking  on    its   program   of 
subcontracting,  the  Compan\'  made  a 


careful  study  of  each  firm's  qualifica- 
tions: the  nature  of  its  experience, 
peacetime  product,  and  plant  facili- 
ties. Radar  work  appropriate  to  the 
firm's  capability  would  then  be  al- 
located and  Western  would  supply  out 
of  its  own  facilities  and  experience 
such  help  as  the  project  required. 
Subcontracting  thus  became  a  matter 
of  industry-wide  team  play,  in  w'hich 
thousands  of  workers  all  over  the  na- 
tion pooled  their  skills  and  resources 
alike,  to  the  end  that  Allied  fighting 
men  should  bear  arms  of  a  quality 
second  to  none. 

Many  Western  Electric  engineers 
and  production  men  were  assigned  to 
subcontractors'  plants,  and  their  as- 
sistance proved  invaluable.  Fn  addi- 
tion to  the  more  conventional  techni- 
cal aid,  these  men  spent  many  long 
evenings  in  plants  waiting  for  parts 
to  be  produced  so  they  could  be 
raced  by  air  through  the  night  to  some 
distant  factory  for  the  next  step  in  the 
production  process.  Occasionally  the 
job  meant  fighting  bad  weather  and 
transportation  delays.  When  the 
blizzard  of  1944  tied  up  the  freight 
yards  in  Cleveland,  Western's  men 
plowed  their  way  through  the  bitter 
night,  opened  the  stalled  box  cars,  and 
after  a  long  search  located  packages 
of  parts  required  by  a  subcontractor 
the  next  day  to  fulfill  an  urgent  war 
project. 

Contouring  the  Caf  s  Whisker 

SoMK  OF  radar's  tools  and  proces- 
ses proved  startling  even  to  Western 
Electric  men  of  long  experience.  The 
contouring  of  the  "cat's  whisker,"  is 
a  case  in  point.  The  rounded  end  of 
the  cat's  whisker,  a  tiny  filament  of 
metal  thinner  than  a  hair  and  only  a 
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fraction  of  an  inch  in  length,  makes 
contact  with  a  pinhead  speck  of  spe- 
cial crystal.  The  combination  re- 
places a  vacuum  tube  in  the  ultra-high- 
frequency  circuits  of  radar  and 
millions  of  them  were  required  by  the 
services. 

The  end  of  the  cat's  whisker  must 
be  pointed,  but  not  sharp,  something 
like  the  point  of  a  slightly  used  pencil. 
If  too  sharp,  the  point  bends  or 
breaks.  If  too  blunt,  it  presents  an 
improper  pressure  to  the  crystal  face, 
and  refuses  to  work.  Every  stunt  in 
the  book  was  tried  in  an  effort  to  pro- 
duce just  the  right  contour,  but  all  or- 
dinary methods  failed.  Finally,  the 
engineers  resorted  to  an  old  and  al- 
most forgotten  trick  of  radio  ama- 
teurs called  electrolysis,  an  electro- 
chemical process  by  means  of  which 
a  metal  can  be  quickly  dissolved  in 
a  liquid  through  the  passage  of  a 
carefully  controlled  current. 

At  first  the  idea  seemed  as  simple 
and  logical  as  a-b-c.  Dip  the  cat's 
whisker  into  the  solution,  turn  on  the 
current,  and  let  nature  take  its  course  ! 
When  all  the  metal  disappeared  ex- 
cept that  covered  at  the  surface  of  the 
solution,  the  job  would  be  done.  Un- 
fortunately, there  was  a  catch.  The 
proper  contour  required  an  absolutely 
motionless  liquid.  And  the  liquid  re- 
fused to  stop  jiggling. 

The  answer  to  this  complication 
was  found  in  45  tons  of  concrete — 
sunk  fifteen  feet  to  bedrock  and  in- 
sulated from  local  highway  and  rail- 
road vibrations.  A  45-ton  tool  for  a 
.001  ounce  product! 

Radar's  high  electrical  frequencies 
— some  measured  in  terms  of  billions 
of  cycles  per  second — made  the  po- 
sitioning of  circuit  elements  extremely 


important.  Deviations  in  the  loca- 
tion of  one  part  from  its  prescribed 
relationship  to  other  parts  may  easily 
cause  the  values  of  a  radar  circuit  to 
fall  outside  specified  electrical  limits. 

Special  tools  were  designed  and 
built  to  facilitate  the  shaping  of  the 
lead  wires  which  support  resistors, 
capacitors,  and  other  circuit  elements 
of  radar.  These  ingenious  tools  cut 
leads  to  precise  length,  produced  the 
required  bends  accurately,  and  par- 
tially formed  the  connecting  loops. 
Assembly  and  wiring  operators  found 
that  parts  so  prepared  could  be  sol- 
dered into  correct  position  easily  and 
quickly. 

Moreover,  with  the  aid  of  these 
tools,  beginners  could  perform  the 
precise  cutting  and  bending  opera- 
tions. Thus,  by  building  skill  into 
the  tools,  the  valuable  time  of  many 
long  experienced  workers  was  con- 
served for  other  important  essentials 
of  radar  wiring. 

The  Importance  of  Testing 

The  story  of  radar  testing  in  it- 
self could  occupy  many  printed  pages; 
for,  regardless  of  the  care  with  which 
the  equipments  are  built,  the  exacting 
attention  lavished  on  the  preparation 
of  manufacturing  specifications,  and 
the  fabrication  of  parts  and  their  as- 
sembly and  wiring,  the  product  re- 
mains an  inert  mass  of  parts  until  its 
various  circuits  have  been  carefully 
combed  by  ingenious  test  sets  and  sub- 
jected to  the  scrutiny  of  the  expert 
testers  who  operate  them.  Whether 
in  the  factory  or  in  the  field,  a  blank 
radar  screen  may  carry  one  of  two  in- 
terpretations: there  is  no  target,  or 
the  system  is  not  working. 

In    1944   alone.   Western   Electric 
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produced  more  than  36,000  testing  and  the  shipping  platform  alike- 
units  for  the  Army  and  Navy,  exclu-  obeyed  the  watchword  :  meet  or  heat 
sive  of  the  equipment  used  in  the  fac-  the  schedule  !  Mach  week  on  Tuesday 
tories.  These  test  sets  were  standard  afternoon,  production  heads  would 
with  the  Services  for  use  with  systems  meet  with  the  president  to  review  the 
of  all  makes.  status  of  all  projects  and  devise  means 

The  accuracy  of  some  of  this  equip-  for  cracking  stubborn  bottlenecks.     In 
ment  defies  comprehension.    An  oscil-  office  and  factory,  the  men  and  women 
lator,   which   generates  electrical   im-  of  the  Company  gave  the  best  of  their 
pulses  of  extreme   rapidity,   is  made  hands  and  brains  so  that  no  American 
with  such  care  that  a  clock  of  pro-  fighting  man  should  lose  his  life  for 
portionate  accuracy  would  run  nearly  want  of  a  Western  Electric  radar  that 
a   thousand  years  before  gaining  or  did  not  arrive  on  time, 
losing  a   second.      But,    at   the   same  The  record  for  1944  is  typical  : 
time,  an  oscilloscope  had  to  be  pro- 
duced which,  dividing  a  millionth  of  Deliveries  ix  1944  Compared  With 
a    second    into    little    parts,    checked  Scheduled  Commitments 
this  extraordinary  "clock"  for  errors  !  Class  of                         Percent 
The  only  fact  more  astonishing,  per-  Equipment                    Realization 

haps,  is  the  realization  that  these  sets  Airborne  Radar    102. (> 

are    largely    a    product    of    feminine  Ship  Radar  102.8 

hands  which,  less  than  five  years  ago.  Gun  Directors    100. 

were  required  to  accomplish  nothing 

more  exacting  than  the  artful  appli-  ^/^^t  Is  Radars  Future? 

cation  of  make-up. 

The    Company's   war    record   con-  Since  V-J  Day,  the  question  has  often 

tinues  on  and  on  with  such  examples  been  asked:  How  will  radar  serve  the 

of  technical  ingenuity.     Yet,  without  arts  of  peace,  and  what  contribution 

one   additional   element,   that   record  can  the  Western  make  to  its  advance? 

would  mean  little.  Numerous      applications      already 

Throughout  the  war,  military  lead-  have  been  suggested  for  radar  in  the 

ers  reminded  the  home  front  that  the  field  of  transporation.    Airliners  need 

pace   of   the    assembly   line,    not   the  no    longer    bow    to    the    whims    of 

High     Command,     would     establish  weather,    and  weather   prophets   can 

"H"    hour    and    "D"    day.      Battle-  probe    the    skies    for   hidden    storms 

front  strategy,  they  emphasized,  be-  which    heretofore    have     threatened 

gan  with  manufacturing  schedules.  shipping.    Radar  can  lead  vessels  into 

Normally,  such  schedules  are  based  fog-bound  harbors  and  point  out  the 

on  carefully  compiled  statistics.     But  many  hazards  which  menace  naviga- 

radar  was  a  new  art.     No  time  table  tion.     Had  the  ill-fated  Titanic  of  a 

had  been  written.    Hence,  the  rule  be-  generation  ago  carried  radar  search 

came — give  the  Armed  Forces  what  gear,  she  could  easily  have  found  safe 

they  want  when  they  want  it  and  sub-  passage  through  the  ice  fields  of  the 

stitute  determination  for  the  missing  North  Atlantic, 

figures.  Of  still  greater  value  may  be  the 

The  office  of  Western's  president  indirect  applications  of  radar's  tech- 
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nology.  The  Bell  SystcMn  recently  emerged  triumpluint.  How  much 
demonstrated  a  multi-channel  system  dearer  might  the  cost  of  victory  have 
of  radio  telephony  which  promises  been  without  the  help  of  radar  ? 
great  economies  in  extending  tele- 
phone service  to  areas  now  isolated  The  mex  and  women  of  the  Bell 
bv  water  or  difficult  terrain.  The  System,  through  whose  toil  and  skill 
circuit  re-arrangements  and  electronic  the  miracle  of  radar  was  so  largely 
components  of  the  new  system  are  wrought,  may — and  do — have  a 
greatly  indebted  to  radar.  The  new  proper  sense  of  pride  in  the  true 
Bell  Laboratories  development  for  worth  of  their  accomplishment.  They 
making  speech  visible  to  the  deaf  em-  face  the  future  with  long  experience 
ploys  components  closely  related  to  now  enriched  by  the  lessons  of  a  new 
some  of  those  in  radar.  Television,  technology.  Just  as  radar  has  al- 
electronic  calculators,  automatic  warn-  ready  begun  to  plumb  the  vast  ex- 
ing  devices  .  .  .  tlie  list  of  possibili-  panses  of  inter-stellar  space,  so  will 
ties  seems  endless.  these  men  and  women  continue  their 
But  whatever  usefulness  the  future  explorations  in  the  limitless  realm  of 
may  contrive  for  radar,  none  will  science  and  from  their  findings  build 
eclipse  the  attainments  of  its  recent  a  greater  telephone  system  for  the 
past.     With  radar,  our  fighting  men  greater  America  of  tomorrow. 


Panic  on  the  Telephone 


After  three  long  years  in  the  African 
and  Italian  campaigns,  Doctor  Joe  was 
on  his  way  home.  When  his  wife, 
Alyra,  heard  the  exciting  news,  she  be- 
gan planning  just  what  she  would  say 
when  that  first  precious  telephone  call 
came  through  after  the  ship  docked. 
The  call  had  to  he  perfect.  But  the 
more  she  tried  to  tailor  some  appropriate 
remarks  to  fit  the  little  wedge  of  talk- 
ing time,  the  more  panickx  she  became. 
Finally,  in  desperation,  she  appealed 
to  her  cousin,  a  young  lieutenant  just 
back  from  overseas.  Would  he  phone 
her  a  few  times  and  help  her  rehearse? 
The  lieutenant  laughed  at  her.  "\Vh\ 
there's  nothing  to  it,"  he  said.  "Look. 
When  the  call  comes  through,  you'll  say, 
'Hello  darling,'  and  Doc'll  say,  'Hello, 
darling,  how  are  the  children  ?"  And 
you'll  tell  him  the\'re  fine,  and  then  the 


talk   will    go    zooming    on    from    there. 
It's  a  cinch.  ' 

Two  nights  later,  the  New  York  op- 
erator asked  Myra  if  she  would  accept 
charges  on  a  call  from  Doctor  Joe.  Af- 
ter a  long,  tense  wait,  there  was  his 
voice. 

"Hel-LO,  darling!"  Myra  caroled. 

"Hel-LO,  darling!"  boomed  back  the 
doctor. 

Then  he  got  stuck,  she  got  stuck.  Si- 
lence. Panic-stricken,  Myra  wildl\  re- 
called the  lieutenant's  formula.  Into  the 
phone,  she  shouted,  "Darling,  how  are 
the  children  ?" 

And  Pappy  Joe.  who  had  been  awa\' 
three  years,  yelled  dizzily,  "(^h,  fine! 
Just  fine!" 

— Marjorii-  Stoll. 
Reproduced  by  permiisian  of  the  Sat- 
urday Evening  Post.     (Uipyiu/ht   i()46, 
7  he   Curtis   PnblishitKj  Cotiipany. 


GettiNg  Telephone  Service  Quickly  to  the  Many  Who  Have 

Waited  a  Long  Time  J  or  It  Is  the  Bell  System"  s  Biggest 

Emerge?icy  Restoration  Task 


The  Bell  System's  First 

» 

Order  of  Business 

Harold  S.  Osborne 


More  than  2,200,000  telephones 
were  connected  by  the  Bell  operating 
companies  in  the  five  months  starting 
last  October.  That  is  by  far  the  big- 
gest number  ever  installed  by  the  Sys- 
tem in  a  comparable  period. 

And  the  trend  is  upward.  Connec- 
tions in  December  were  440,000.  In 
January  they  were  487,000.  The 
F^ebruary  figure  was  491,000. 

Net  telephone  gain — the  balance 
after  disconnections  are  subtracted 
from  connections — is  the  highest  in 
history.  In  that  five-month  period  it 
was  1,140,000.  Currently  it  is  run- 
ning at  the  rate  of  3,600,000  a  year. 

These  figures  are  evidence  of  tre- 
mendous accomplishment.  They  dem- 
onstrate the  pace  being  set  by  the 
Bell  System  in  its  drive  to  give  tele- 
phone service  to  waiting  customers 
whose  orders  have  been  unfilled  be- 
cause of  wartime  shortages  of  facili- 
ties. 

Coupled  with  the  day-to-day  tasks 


of  providing  and  improving  the  na- 
tion's telephone  service,  this  emerg- 
ency program  is  the  Bell  System's  first 
order  of  business.  It  will  continue 
to  be  so  until  the  last  waiting  customer 
has  been  served  and  telephones  for 
everyone  are  once  again  being  in- 
stalled promptly  on  request. 

Providing  telephone  service  for  all 
who  want  it,  when  they  want  it,  and 
the  way  they  want  it  is  the  normal 
responsibility  of  the  Bell  System.  The 
System  had  met  this  obligation  fully 
and  pridefully  until  the  telephone 
went  to  war.  But  in  the  years  when 
victory  was  the  first  order  of  business, 
and  telephone  materials  and  equip- 
ment were  needed  by  the  Armed 
Forces,  a  huge  backlog  of  unfilled 
orders  piled  up.  With  V-J  Day, 
Bell  people  everywhere  swung  into 
an  emergency  program  to  clear  these 
held  orders  with  all  possible  speed. 

And  it  is  a  real  emergency — the 
greatest  in  Bell  System  history — more 


296 


Bell  Telephone  Magazine 


1 


WINTER 


In  many  a  Western  Electric  distributing  house,  old  switchboard  sections,  removed 

from  manual  offices  after  dial  conversion,  are  being  reconditioned  to  go  back  into 

service  in  other  manual  offices  to  help  relieve  the  equipment  shortage 


extensive  than  any  ever  caused  by 
flood,  fire,  wind,  or  sleet.  It's  nation- 
wide. It's  fundamental.  It's  intri- 
cate, complicated,  and  tough  to  over- 
come. 

The  peak  in  held  applications  for 
main  telephone  service,  2,170,000, 
was  reached  last  September.  At  that 
time  more  than  900,000  were  "held 
initially  for  instruments"  and  the  bal- 
ance of  more  than  1,200,000  for  the 
lack  of  central  office  equipment  and 
outside  plant. 

Since  then,  the  volume  of  new  or- 
ders has  broken  all  records.  On  top 
of  all  those  held  orders,  nearly 
2,000,000  nezv  applications  for  main 
telephones  have  been  receiv^ed  in 
those  five  months — almost  half  of 
them  in  the  first  two  months  of  this 
year — and  there  is  no  let-up  today. 
Many  of  these  new  orders  have  been 


filled  for  customers  who  qualify  for 
preferred  treatment  under  the  order 
of  precedence  established  by  the 
Government.  Others  have,  of  neces- 
sity, been  added  to  the  waiting  list. 

Concurrently,  service  has  also  been 
provided  to  a  substantial  proportion 
of  the  customers  who  have  been  wait- 
ing a  long  time.  But  because  of  the 
new  orders  received  since  the  war, 
the  total  waiting  list  is  still  very  large 
— more  than  1,900,000  on  March  i. 

As  more  and  more  telephones  are 
installed,  the  margins  for  growth 
which  have  existed  in  many  central 
offices  and  cables  have  been  used  up. 
This  in  turn  has  brought  about  a  sub- 
stantial increase  in  the  the  number  of 
customers  who,  although  qualifying 
for  preferred  treatment  under  Gov- 
ernment regulations,  have  to  wait  for 
service  because  of  lack  of  facilities. 
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Their  applications  now  constitute 
more  than  ten  percent  of  all  held  or- 
ders. And  such  applications  must  be 
filled  ahead  of  those  from  customers 
who  do  not  qualify  for  preferential 
treatment  under  the  regulations. 

The  manufacture  and  installation 
of  hundreds  of  millions  of  dollars' 
worth  of  telephone  plant  to  fill  hun 


Western  Electric  Turns  to  Peace 

After  V-J  Day,  the  Western  Elec- 
tric Company  moved  in  record  time 
from  large-scale  production  for  the 
Army  and  Navy  to  large-scale  pro- 
duction for  the  System  telephone 
companies.* 

Western   is  now   turning  out  tele- 


dreds    of    thousands    of    orders    for      phones  at  the  highest  rate  in  its  his- 
telephone  service  is  not  an  over-night      tory :  14,000  a  day 


process.      The    time    factor    in    many 
cases  is  not  weeks  but  months. 

That's  the  situation  the  Bell  Sys- 
tem is  fighting  today  with  every 
weapon  in  its  peacetime  arsenal. 


It  is  now  producing  tlial  central 
office  equipment  at  maxinuini  pre-war 
capacity — 1,000,000    lines    a    vear — 


*  See   "Western   Electric  Tackles   The   Peace- 
time  Emergency,"    Magazine,    Autumn,    1945. 


In  many  places  there  is  a  neck-and-neck.  race  between  facilities  and  service.      Here 

an  operator  is  handling  calls  at  a  position   for  which  the  multiple  is  only  partially 

completed,  while  installers  are  working  on  still  another  switchboard  section 
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This  husiiH'SS  lifis  lived  and  ijruivu 
successful  find  of  f/ood  repute  by  (jiv- 
ing service. 

It  has  </iven  the  public  ivhat  it 
ivanted  n'hen  it  ivanted  it.  and  done 
it  iL'ith  efficiency  and  courtesy — and 
then  invented  better  thint/s  and  tauc/ht 
the  public  to  icunt  them  and  ask  for 
them. 

That  is  zvhat  made  this  business 
something  more  than  just  a  business. 

It  made  it  a  good  place  to  luork,  a 
good  life  to  live,  something  %vith  a 
little    distinction. 

It  did  its  best  to  serve  the  public. 

That  paid  off  ivhen  it  Ji'as  compara- 
tively easy  to  do. 

If'ell.  noiv  it  is  hard — ivhat  about 
it.' 

IV hat   do  zve  dof 

Shall  zee  run  the  business  for  our 
convenience^ 

Shall  we  run  it  to  meet  some  long 
distance  "prove  in"  rules? 

Shall  U'e  serve  our  engineering 
studies.'^ 

Or  shall  ive  serve  the  public? 

11  hat  is  the  objective? 

To  give  people  the  best  possible 
service  as  cheaply  as  we  could  do  it. 

But  the  "service"  comes  before  the 
"cheap." 

And  not  just  to  serve  those  we 
found  it  convenient  to  serve. 

Our  job  is  to  serve  every  single 
person  that  we  possibly  can,  and  get 
service  to  them  as  fast  as  ice  can. 

That  may  mean  putting  plant  in 
and  taking  it  out  again  in  a  little 
ivhile. 

What  did  we  do  after  the  hurri- 
cane? 

Did  ive  zvait  until  zee  had  ei'ery- 
thing  engineered  for  ]'■'>()( I? 

He  did  not. 

We  got  something  going  fast  and 
improved  it  aftenvard. 


and  expects  to  step  up  this  rate  until 
it  reaches  2,000,000  lines  tiiis  year. 

It  expects  to  ship  at  least  1,400,000 
lines  of  dial  apparatus  in  1946. 

Cable,  wire,  and  other  items  es- 
sential to  telephone  service  are  being 
produced  at  pre-war  levels  or  better, 
and  production  is  still  rising. 

Western  Electric  also  is  obtaining 
telephone  equipment  from  other  sup- 
pliers and  from  Government  surplus. 
Facilities  no  longer  required  in  mili- 
tary establishments  and  war  plants 
are  being  recovered  for  civilian  uses. 

Through  the  Western,  the  Bell 
System  was  successful  in  bidding-in 
the  first  lot  of  surplus  telephone  equip- 
ment which  was  sold  by  the  Recon- 
struction Finance  Corporation.  This 
consisted  principally  of  some  15,000 
standard  Western  Fdectric  combined 
telephone  sets  and  a  quantity  of  stand- 
ard lead-covered  cable.  The  System's 
purchases  of  surplus  equipment  have 
totaled  nearly  $2,000,000  to  the  first 
of  March. 

With  the  cooperation  of  the  Armed 
Forces,  more  than  138,000  Bell- 
owned  telephones  no  longer  needed 
in  government-owned  ordnance  plants 
and  military  esablishments  were  re- 
moved between  June  and  December. 
About  1,000  Bell-owned  manual  and 
dial  P.B.X.  switchboard  positions 
were  similarly  recovered  in  the  same 
period.  The  Associated  Companies 
also  are  purchasing  small  lots  of  war 
surplus  materials  directly  from  the 
Signal  Corps  when  usable  items  be- 
come available  in  their  territories. 

All  of  this  material  has  been  or  is 
being  rushed  back  into  service  for 
civilian  users. 

Western  Electric's  Hawthorne 
Works  had  some  600  e(|uipment  engi- 
neers at  work  on  the  lay-out  of  new 
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dial  central  office  equipment  for  the 
Companies  at  war's  end.  Now  it  has 
^00  more — and  the  group  is  still 
growing.  Ihe  engineers  are  working 
six  days  and  two  e\enings  each  week. 

So  the  Companies  are  going  to  en- 
gineer small  step-b\-step  dial  central 
office  additions  themsel\-es,  just  as 
they  do  small  manual  jobs. 

On  larger  dial  installation  jobs  the 
telephone  companies  are  working  out 
other  ways  to  lend  Western  a  helping 
hand.  Some  companies  find  it  feasi- 
ble to  send  their  own  equipment  engi- 
neers to  Hawthorne  to  engineer  cer- 
tain jobs.  One  company  thus  saved 
the  Western's  engineering  force  135 
man-weeks  of  work. 

Special  off-the-job  class-room  in- 
struction to  supplement  the  training 
of  Western  Electric  employees  who 
install  central  office  equipment  began 
immediately  after  V-J  Day.  By  the 
end  of  the  year  more  than  3,000  men 
in  40  cities  had  had  this  supplemen- 
tary training — and  tliis  program  is 
constantly  being  stepped  up. 

In  March  of  this  year  there  were 
more  than  10,000  on  the  Western 
Electric  equipment  installation  force, 
an  increase  of  some  6,000  since  Japan 
surrendered.  By  the  end  of  the  year 
this  force  will  be  built  up  to  22,000, 
and  will  require  about  as  many  super- 
visors as  there  were  installers  on  the 
payroll  in  the  middle  of  1944. 

Tup:  wholp:  emergency  program  is 
geared  for  high  speed.  High-speed 
restoration  work  uses  up  extra  money 
the  way  high-speed  driving  uses  up 
extra  gas.  But  telephone  people  have 
a  goal  to  reach  in  a  hurry.  They 
figure  the  money  cost  is  cheap  in  com- 


ll^ell ,  this  is  just  like  the  hurricane, 
hut  a  iL'hole  lot  tvorse. 

11  hat  (lid  ire  expect — to  have  the 
worst  war  in  history  and  have  it  re- 
sult in  the  niillenium  of  ease  and 
comfort'/ 

The  phrase  "the  zvar  is  over"  is  an 
hallucination  as  far  as  ice  are  con- 
cerned. 

The  tear  has  just  got  to  our  front. 

litis  is  our  big  time,  and  if  ive  are 
not  going  to  throiv  away  all  the  ideals 
of  our  history  ive  are  going  to  take  off 
our  coats  and  shoiv  the  ivorld  tchat 
ice  can  do  in  a  fight. 

Are  we  going  to  degrade  service  a 
bit  for  the  many  to  give  service  to  a 
few  moref 

Sure  ive  are. 

PFe  are  going  to  give  everyone  some 
service  just  as  fast  as  it  can  be  done, 
and  we  are  going  to  tell  everyone  ex- 
actly what  ive  are  doing. 

This  is  no  time  for  little  faith,  or 
half-way  measures. 

It  is  time  to  strain  every  effort  to 
give  service,  and  a  time  for  full  ex- 
planation of  what  the  facts  are. 

Take  a  vote. 

Ask  the  public,  do  you  want  tele- 
phones now  or  a  little  saving  later 
and  a  perfect  engineering  record/ 

Maybe  we  don't  face  those  ques- 
tions in  those  words. 

But  ive  do  face  those  questions. 

And  I  have  no  doubt  what  the  an- 
swers are. 

The  question  is  hoiv  good  a  job  do 
we  do. 

Hoiv  much  of  lasting  satisfaction 
do  we  get  out  of  recognizing  the  big- 
gest and  hardest  job  we  ever  had,  and 
licking  it. 

From  a  statement.  "What  We  Think 
about  Held  Orders,"  by  Arthur  W. 
Page,  A.  T.  iS:  7\  vice  president  in 
charge  of  the  Information  Department. 


300 


Bell  Telephone  Magazine 


WINTER 


parison  with  the  vakie  of  being  able 
to  give  service  as  promptly  as  pos- 
sible to  everyone  who  wants  it  and 
needs  it. 

War  Rxperience  Proves  Helpful 

This  business  operates  through  tried 
and  tested  methods  and  practices,  de- 
veloped and  perfected  through  the 
years.  But  it  recognizes  also  that 
unusual  circumstances  sometimes  de- 
mand unusual  actions. 

During  the  war,  the  Bell  System 
added  three  million  telephones, 
needed  for  the  war  effort,  with  rela- 
tively little  additional  plant.  It  re- 
conditioned and  installed  nearly  a  mil- 
lion old  telephones  which  normally 
would  have  been  junked.      It   made 


other  telephones  out  of  parts  which 
were  made  available,  and  converted 
telephones  from  one  type  to  another 
to  meet  special  needs.  It  increased 
the  load  on  central  office  equipment 
by  five  and  ten  and  even  15  percent 
above  that  for  which  it  was  designed 
with  ordinary  standards  of  service. 
It  devised  ways  to  utilize  the  local 
cable  plant  more  completely. 

The  experience  gained  during  the 
war  in  the  use  of  expedients  and  the 
application  of  ingenuity  is  standing 
the  System  in  good  stead  now. 

Old  type  telephones  have  been  re- 
conditioned, for  example;  surplus  coin 
telephones  have  been  converted  to 
wall  sets;  and  manual  desk  stands 
have  been  converted  to  dial. 


An  experienced  telephone  man  instructs  two  high  school  boys  in  the  fine  points  of 
installation,  which  they  will  be  able  to  apply  on  customers'  premises  during  their 

out-of-school  hours 
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Advance  wiring  of  subscribers'  homes  gets  everything  ready  to  cunncct  telephones 
just  as  soon  as  they  become  available.     Here  a  customer  and  his  small  daughter 

watch  the  process  approvingly 


One  company  devised  a  combined 
set,  for  use  where  the  bell  boxes  could 
not  be  fastened  to  walls,  by  mounting 
a  hang-up  set  and  bell  box  back-to- 
back  on  a  wooden  base. 

Another  company,  needing  mag- 
neto wall  sets  to  furnish  service  in 
rural  areas,  sought  out  and  purchased 
more  than  2,000  from  farmers.  They 
had  been  discarded  when  farmers' 
service-station  lines  were  cut  over  to 
community  dial  operation  several 
years  before.  It  didn't  take  long  to 
recondition  and  put  them  back  in 
service. 

Telephones  Were  the  First  Need 

As  OF  THE  END  of  last  September, 
900,000  applications  for  telephone 
service  were  held  solely  for  lack  of 


telephones,  in  locations  where  cen- 
tral office  and  cable  facilities  were 
available.  Between  then  and  March 
I,  Western  Electric — thanks  to  its 
remarkable  reconversion  job — has 
shipped  to  the  Bell  operating  compa- 
nies more  than  1,200,000  telephones. 
At  the  same  time,  those  companies 
have  been  building  up  their  installa- 
tion forces  to  put  those  telephones 
into  service  for  people  who  have  been 
so  eagerly  awaiting  them.  During 
1945,  15,600  employees  who  had 
been  on  leave  of  absence  to  serve  with 
the  Armed  Forces  were  welcomed 
back,  and  more  than  10,500  veterans 
of  World  War  II  who  had  not  pre- 
viously worked  for  the  Bell  System 
were  hired.  This  happy  process  is 
continuing. 
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Newcomers  to  the  business  are  stall  telephones  anywhere  in  its  ter- 
teamed  with  experienced  employees  ritory.  There  are  60  members  of 
and  sent  out  on  the  job,  to  "do  while  this  group,  almost  all  of  them  new 
learning"  as  well  as  to  "learn  while  telephone  men  recently  released  from 
doing"  so  as  to  get  on  with  the  work  the  Armed  P'orces.  They  are  made 
as  rapidly  as  possible,  in  many  in-  up  into  five  squads,  ready  to  go  to 
stances,  employees  who  formerly  were  work  installing  service  for  those  on 
installers  have  been  transferred  to  the  waiting  list  the  minute  the  equip- 
that  work  temporarily  from  other  ment  situation  makes  it  productive 
less  pressing  assignments.  for  them  to  move  into  an  area. 

Several  companies  have  been  using  In  another  area,  high  school  boys 

groups  of  less  experienced  installers  have   been   trained   in   certain   instal- 


Members  or  A  specially  organized  "flying  squadron"  ot  installers  receive  instruc- 
tions before  moving  into  an  area  where  equipment  is  now  available  to  serve  those 

on  the  waiting  list 


to  "pre-wire"  premises  of  applicants 
who  were  scheduled  to  get  new  tele- 
phones as  soon  as  a  shipment  of  them 
was  received  from  Western  Electric 
or  when  additions  to  the  equipment  in 
central  offices  were  about  completed. 
Usually  "pre-wiring"  includes  all  of 
of  the  work  required  on  a  customer's 
premises  except  the  installation  of  a 
telephone  set. 

At   least   one   company   used    such 
a  group  as  a   flying  squadron  to  in- 


lation  procedures,  and  are  sent  out 
in  taxicabs  during  their  free  hours 
to  help  pre-wire  customers'  premises. 
By  such  expedients  as  these,  as  well 
as  by  the  more  usual  methods,  the 
Associated  Companies  have  built  up 
the  rate  of  installation  to  keep  pace 
with  Western  Electric's  production 
of  telephones.  Applications  "held 
initiallv  for  lack  of  telephones  only" 
have  been  practically  eliminated;  the 
System  companies  are  receiving  tele- 
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phones  for  installation  in  substantial 
and  increasing  numbers;  and  this  im- 
portant part  of  the  whole  problem 
is  well  in  hantl. 

Central  OJfice  Rqiiipnicnt  Too 

As  OF  KARLV  Shrinc;,  at  least  80  per- 
cent of  all  held  applications  for  serv- 
ice are  unfilled  because  of  the  lack  of 
central-office  equipment.  That  makes 
this  the  most  important  factor  of  the 
whole  emergency  program,  and  gives 


office,  or  to  connect  customers  from 

one  office  area  into  another  one  by 
utilizing  spare  trunk  conductors  or 
placing  new  trunk  cables.  In  many 
cases  equipment  has  been  taken  out  of 
one  office  and  re-installed  in  another 
where  it  is  more  urgently  needed. 

Is  one  office  short  on  line  circuit 
terminations?  Then  increase  the  tele- 
phones on  the  party  lines  until  every 
line  is  handling  its  full  quota  of  par- 
ties, even  if  the  pairs  serving  parties 


Station  wag(Mis  have  been  adapted  to  serve  as  installers'  trucks 


ingenuity  the  opportunitv  to  work 
overtime  in  an  effort  to  give  service  to 
more  customers — sooner. 

With  so  many  offices  loaded  to  the 
gunwales,  any  office  which  has  a 
small  margin  of  equipment  over  the 
immediate  demand  for  service  pro- 
vides a  challenge  to  the  engineer.  He 
has  found  several  ways  for  capitaliz- 
ing on  it.  In  a  large  city  it  may  be 
possible  to  transfer  customers  in  a 
boundary  area  to  the  less  congested 


have  to  be  connected  together  in  the 
central  office  itself. 

Perhaps  the  dial  operators'  posi- 
tions can  handle  a  little  more  traffic. 
In  that  case,  lines  can  be  connected 
for  manual  originating  serxice,  while 
calls  to  those  subscribers  will  be  com- 
pleted through  the  dial  equipment. 

Most  offices  are  short  on  terminal 
numbers.  How  can  every  number 
work  all  the  time?  .\ssign  a  new  cus- 
tomer to  an\'  disconnected  number  as 
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soon  as  it  is  released.     The  new  sub-  Means  have  been  devised  for  mak- 

scriber  will  get  some  calls   intended      ing  a  single  dial  number  terminal  do 


for   the   old   one.      But   that's   much 
better  than  no  service  at  all. 

At  the  same  time,  the  terminals 
used  for  testing  purposes  are  being  cut 
to  the  barest  minimum,  and  the  same 
is  done  with  the  numbers  used  for 
company  business. 


double    duty,    serving    to    reach    two 
customers  on  the  same  party  line. 

As  new  equipment  is  produced,  the 
use  of  every  frame  and  switch  is 
planned  with  the  utmost  care.  Ways 
have  been  found  to  drop  out  15  per- 
cent of  the  equipment  in  new  cross- 


Through  an  ingenious  re-arrangement,  this  bank  ot  step-by-step  dial  central  office 
switches  is  temporarily  serving  twice  as  many  subscribers  as  it  was  designed  to  take 

care  ot 


Has  a  block  of  numbers  been  as- 
signed for  coin  box  growth?  Cut  it 
to  the  minimum  and  use  the  numbers 
thus  released  for  regular  service. 
Likewise,  go  ahead  and  use  numbers 
that  have  been  saved  for  growth  in 
business   P.B.X.   groups. 


bar  offices  temporarily  by  cutting  cor- 
ners and  eliminating  every  frame  not 
immediately  essential  to  service.  The 
provision  of  equipment  for  growth  in 
service  after  cutover  has  been  reduced 
to  the  bare  minimum  needed  to  carry 
on    until    the    next    addition    can    be 
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rushed  in.  A  few  frames  here,  a  few 
switches  there,  may  not  sound  large; 
but  if  you  can  defer  them  and  still 
give  service  in  a  hundred  jobs,  it 
means  that  perhaps  ten  new  jobs, 
otherwise  impossible,  can  be  squeezed 
in. 

Typical  ground  rules  for  the  engi- 
neer are : 

Since  party  service  cau  yet  by  with 
less  equipment  than  individual,  plan 
for  party. 

If  you  can  possibly  do  tvitlioul  a 
test  frame,  leave  it  out. 

If  you  can  use  a  small  manual  posi- 
tion in  place  of  a  large  one,  do  it. 

Installing  new  central  office  equip- 
ment takes  time.  There  are  thou- 
sands of  wires  to  place  and  solder. 
The  quicker  it  can  be  done,  the  sooner 
service  can  be  given;  and  new  installa- 
tion schedules  have  been  worked  out 
to  use  maximum  manpower  and 
double  shifts,  thereby  shortening  the 
time  the  installation  requires  from  15 
to  as  much  as  30  percent. 

Just  as  customers'  premises  may  be 
pre-wired,  so  cable  racks  and  cable 
may  be  placed  in  advance,  in  order 
that  as  soon  as  the  factory  can  get 
the  equipment  on  the  job,  wires  will 
be  waiting  to  be  soldered  to  it. 

Distributing  frame  jumpers  are 
laid  in  place  ready  to  solder. 

Test  procedures  that  intervene  be- 
tween the  completion  of  an  installa- 
tion and  the  connection  of  new  serv- 
ice are  cut  to  a  minimum. 

There  must  be  no  lag;  when  the 
equipment  is  ready,  service  will  start. 

Buildings  Are  Needed 

In  scores  of  localities  throughout 
the  System,  either  new  buildings  or 
substantial  additions  to  present  struc- 
tures  must   be    erected   before    addi- 


tional central  office  equipment  can  be 
installed. 

Erecting  a  building  today  is  a 
tough  job.  It  takes  something  more 
than  know-how.  It  takes  determina- 
tion. One  has  to  make  up  his  mind 
he's  going  to  build  it,  come  hell  or 
high  water.  Then  he  has  to  imbue 
the  architects  and  contractors  with 
the  same  spirit. 

The  companies  are  tackling  the  job 
that  way,  and  it  works.  They  have 
also  found  they  had  to  reverse  many 
usual  procedures.  Instead  of  draw- 
ing plans  and  then  buying  materials, 
they  have  sometimes  had  to  buy  what 
materials  were  available  and  then 
modify  the  plans  to  fit  them. 

If  bricks  for  additions  don't  match 
those  of  original  structures,  what  of 
it?  A  vine  can  be  planted  or  a  rain 
spout  located  to  cover  the  break 
where  the  color  changes.  If  doors 
and  windows  don't  quite  match  those 
in  the  original  structure,  who  cares — 
just  so  they  open  and  shut?  If  only 
cinder  blocks  are  available,  O.K.,  cin- 
der blocks  are  used  for  inner  walls 
and  the  exterior  faced  temporarily 
until  bricks  can  be  had. 

Never  mind  if  the  plans  aren't 
finished,  go  ahead  and  dig  the  base- 
ment. Equipment  on  hand  before 
the  building  is  finished?  Then  knock 
up  temporary  siding,  and  start  the  in- 
stallation as  soon  as  the  inside  is  fin- 
ished and  the  outside  is  weather-tight. 
Days  too  short  to  meet  the  comple- 
tion date?  Rig  up  flood  lights  and 
work  nights. 

That's  the  way  the  Bell  System 
builds  buildings  in  this  emergency. 
Costly?     Of  course!      But  effective. 

Making  Every  Cable  Pair  Count 
Outside  plant,  too,  is  getting  the 
same  emergency  treatment.     Nothing 
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new  is  added  unless  and  until  all  exist- 
ing facilities  are  "full-up."  When 
they  are,  short  cables  often  are  placed 
to  transfer  pairs  from  full  feeder 
cables  to  others  in  which  there  are 
spares. 

Government  surplus  cables  pur- 
chased by  the  Western  through  the 
R.F.C.  are  used  where  they  can  be 
made  to  serve — even  in  unorthodox 
ways.  If  it's  the  only  kind  available, 
cable  designed  for  submarine  instal- 
lation may  be  placed  underground; 
cable  made  to  be  buried  may  be  strung 
aerially  in  place  of  plain  lead  cable; 
two  I  I -pair  cables  are  strung  together 
instead  of  a  single  26-pair  cable; 
quadded  toll  cables  are  introduced 
into  exchange  plant. 

Cable  troubles  are  cleared  when 
they  occur.  Normally,  spare  pairs 
are  provided  for  growth  and  for 
maintenance.  It  is  often  more  eco- 
nomical to  maintain  service  by  merely 
transferring  to  a  good  pair  when  one 
goes  bad.  Now  the  need  is  for  more 
working  pairs  in  existing  cables,  so 
every  effort  is  made  to  keep  all  pairs 
w^orking. 

All  cable-placing  projects  not  in- 
cidental to  or  part  of  the  emergency 
job  are  postponed  "for  the  duration." 

Tools  a  fid  Vehicles  Needed 

All  sorts  of  ways  are  being  found 
to  augment  war-depleted  vehicle 
fleets.  Companies  have  purchased 
second-hand  trucks  and  passenger 
cars,  and  have  rented  their  personal 
cars  from  employees  and  construction 
trucks  from  other  utilities. 

Some  of  the  companies  have  re- 
cently received  a  few  ^new  truck 
chassis.  Since  bodies  weren't  avail- 
able, they  built  stake  bodies  and 
mounted   pole    derricks    and    winches 


on  construction-truck  chassis,  and 
bolted  pick-up  bodies  on  installation- 
truck  frames. 

In  order  to  make  one  motor  vehicle 
do  the  work  of  several,  half  a  dozen 
men  are  often  assigned  to  an  installa- 
tion truck.  These  men  work  in  a 
limited  area  and  the  truck  keeps 
them  supplied  and  moves  them  from 
job  to  job. 

OuTFlTTLNG  the  fast  growing  instal- 
lation forces  with  hand  tools  and  test 
sets  has  also  taken  a  bit  of  doing. 
Every  possible  source  of  tool  supply 
has  been  tapped,  including  local  hard- 
ware stores,  auto  accessory  shops, 
and  mail  order  branch  stores.  Local 
supply  people,  working  closely  with 
Western  Electric  buyers,  have  made 
local  purchases  of  thousands  of  such 
items  as  pliers,  screwdrivers,  ham- 
mers, bits,  braces,  star  drills,  axes, 
and  hand  saws. 

Installers'  tool  bags  have  been  on 
the  shortage  list.  Since  leather  is 
scarce,  heavv  canvas  bags  are  being 
substituted.  One  company  found  it 
could  get  plenty  of  canvas  bags  made 
up  by  an  aw^ning  manufacturer  while 
his  business  was  suffering  its  usual 
mid-winter  slump. 

"Make-do"  dial  test  sets  are  being 
produced  by  Western  Electric  distrib- 
uting houses.  These  are  being  as- 
sembled out  of  old  handset  handles,, 
dials,  and  other  standard  parts  pro- 
duced for  other  uses.  One  house 
turned  out  five  hundred  for  use  until 
the  standard  rubber  encased  type  is 
available. 

And  that  isn't  all.  Here  and  there 
throughout  the  System  the  companies 
have  been : 

Tap'nui  liorn  or  jraycd  Iclrphonc 
cords,  so  iJiat  most  of  the  production 
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While  the  shortage  ot  telephone  instruments   was  acute,  some  make-do  models 

were  put  together  which  can't  be  found  in  any  catalog.     Left  to  right,  above,  are, 

a  dial  test  set,  a  wooden  box  for  the  subscriber  set,  and  a  back-to-back  arrangement 

of  a  hang-up  telephone  and  a  wall  bell  box 


of  tii'W  cords  can  he  used  to  equip  new 
telephone  sets; 

Recovering  protectors  as  ivell  as 
instruments  zvhen  telephones  are  dis- 
connected, to  alleviate  the  shortage  in 
this  item  of  equipment ; 

Using  home-made  connector  blocks 
and  ground  rods  to  overcome  tem- 
porary shortages ; 

And  saving,  reconditioning,  and  re- 
using everything  with  any  life  left  in 
it. 

All  Departments  Speed  the  J  oh 

The  drive  to  get  service  to  waiting 
customers  in  the  shortest  possible  time 
affects  most  directly,  of  course,  the 
Plant  and  Engineering  Departments 
and  Western  Electric.  But  all  de- 
partments are  making  important  con- 
tributions to  the  effectiveness  of  the 
job. 


The  business  offices,  which  have 
custody  of  the  held-application  files, 
are  also  custodians,  in  a  sense,  of  the 
System's  good  repute  among  all  who 
want  service  and  have  been  unable  to 
get  it.  For  it  is  here  that  detailed 
records  of  service  applications  are 
maintained  and  it  is  the  business  office 
people  who  must  keep  those  files  up 
to  the  minute,  must  answer  the  anx- 
ious and  sometimes  skeptical  inquiries 
of  waiting  applicants,  and  must,  as 
facilities  become  available,  make  sure 
that  the  applications  are  filled  strictly 
in  their  proper  turn. 

Now  that  facilities  are  becoming 
available  in  larger  quantity,  special 
arrangements  have  been  worked  out 
for  issuing  service  orders  so  that  the 
Plant  Department  can  put  into  use 
without  delay  the  facilities  to  pro- 
vide service  to  applicants  whose  turn 
has  been  reached.  But  before  an 
order  can  be  issued  for  the  installation 
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of  any  telephone,  a  check  has  to  be 
made  with  the  applicant  to  make  sure 
he  lives  at  the  address  given  and  still 
wants  service.  At  present,  more  than 
70  percent  of  the  applicants  on  the 
waiting  lists  still  want  service  when  It 
becomes  available  to  them. 

This  checking  frequen-tly  Is  handled 
by  special  groups  of  new  employees 


greatly  Increased  volume  of  work 
without  sacrificing  any  of  the  accuracy 
which  Is  so  essential  in  compiling  di- 
rectories both  for  public  use  and  for 
the  use  of  the  Information  operators. 
Traffic  people  are  seeking  and  find- 
ing ways  to  speed  the  job.  The  desire 
to  provide  service  for  everyone  has 
become  an  important  part  of  the  fun- 


There's  no  wAirixG  for  Spring  weather  here.     Work  on  an  addition  to  this  tele 
phone  building  progresses  in  spite  of  winter  storms  and  low  temperatures 


who  have  received  short  specialized 
training  courses  In  this  phase  of  the 
job.  This  helps  to  relieve  the  work 
load  on  the  more  experienced  repre- 
sentatives, who  are  busy  handling  the 
unprecedented  volume  of  applica- 
tions for  and  inquiries  about  service. 
The  directory  people,  too,  have  had 
to   find  ways  of  keeping  up   with   a 


damental  objective  of  giving  the  "best 
possible  service".  Traffic  engineers 
and  general  engineering  people  are 
Increasing  their  usual  close  relation- 
ship. One  department  in  effect  "looks 
over  the  shoulder"  of  the  other  at 
work  In  progress,  so  that  Ideas  can 
be  exchanged  and  modified  without 
waiting   for   completion   of   plans   to 
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the  last  detail,  FVequently,  they  find 
It  possible  to  postpone  certain  time- 
consuming  details  for  later  action  in 
order  to  get  on  with  the  job. 

Continued  emphasis  is  being  placed 
on  recruiting  new  operators,  and  it 
is  expected  that  the  System's  operat- 
ing force  will  be  increased  by  60,000 
during    1946 — more    than   twice    the 


All  these  efforts  to  get  service  to 
many  people  quickly  increase  the  vol- 
ume of  work  in  the  Accounting  De- 
partments, which  keep  the  records  of 
customers'  accounts  and  prepare  all 
monthly  statements.  Accuracy  and 
speed  are  essential  in  this  work,  which 
for  efficiency  is  organized  on  a  pro- 
duction-line basis  calling  for  coordina- 


New  dial  equipment  is  unloaded  for  installation  while  work  on  the  exterior  ot  the 

building  is  being  completed 


increase  In  any  previous  year.  Special 
training  positions,  ordinarily  a  part 
of  the  regular  switchboards,  are  be- 
ing provided  to  permit  full  scale  train- 
ing away  from  the  switchboard,  thus 
making  possible  the  full  use  of  ex- 
isting facilities  for  service  to  a  con- 
stantly increasing  number  of  cus- 
tomers. 


tlon  and  teamwork  at  every  step. 

To  keep  pace  with  the  huge  vol- 
ume of  new  accounts,  it  Is  necessary  to 
carry  on  a  continuing  program  of  re- 
cruiting and  training  new  sorting 
clerks,  rate  clerks,  toll  billing  typists, 
toll  ticket  sorting  clerks,  and  other 
important  personnel  in  the  Intricate 
organization    which     is    Accounting. 
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These  new  people  must  be  assigned  to      Also,  it's  just  good  sense  to  answer 


productive  jobs  as  rapidly  as  possible 
but  without  impairing  the  operating 
efficiency  of  the  offices. 

Repofting  on  Our  Progress 

Bell  System  workers  are  busy — 
too  busy  to  stop  and  talk  much  about 
their  accomplishments.  But  the 
people  of  America  arc  entitled  to 
know  how  they're  getting  along. 

When  vou  add  to  the  numbers  of 
people  still  on  our  waiting  lists  all  the 
members  of  their  families  and  all  the 
friends  who  want  to  be  in  telephone 


the  question:  "How're  we  doin' ?" 

The  companies  are  answering  that 
in  bulletins,  in  their  magazines,  in 
booklets,  at  employee  meetings,  on 
posters,  pay  check  inserts,  and  in 
similar  ways. 

The  unprecedented  situation  of 
very  many  customers  waiting  for  a 
telephone  service  which  can't  be  given 
them  immediately  presents  a  chal- 
lenge to  the  Bell  System.  Rising  to 
that  challenge,  telephone  men  and 
women  everywhere  voice  a  resound- 
ing second   to  the   pledge   made   last 


contact  with  them,  you've  got  a  size-      Spring  by  Walter   S.   Gifford,   presi 
able  segment  of  America's  total  popu-      dent  of  the  American  Telephone  and 

Telegraph  Company: 

"//'<-  pledge  the  Ameriean  piihlie 
that  after  the  zvar  or  as  soon  as  ma- 
terials and  supplies  beeome  available 
again,  zve  shall  do  everything  in  our 
dio,  in  letters  and  pamphlets,  win-  pozver  to  speed  the  day  zvhen  all  zvho 
dow  displays,  posters,  bill  inserts,  -zvant  telephone  serviee  ean  get  it  and, 
public  talks,  and  other  ways.  zihat  is  more,  ean  get  the  type  of  serv- 

Employees   are   kept    informed   so      iee   they  zvant  and  as   miieh   of  it  as 
that  they  can  answer  queries  correctly.      they  zvant." 


lation. 

So  the  telephone  companies  are  re- 
porting on  their  progress,  in  news- 
paper advertisements  and  articles, 
magazine  advertisements,  on  the  ra- 


" Service  to  the  Nation  ix  Peace 
AND  War"  is  the  tradition,  the  constant 
purpose  and  the  daily  work  of  the  Bell 
System.  From  Pearl  Harbor  to  V-J 
Day,  the  System  met  the  continuously 
increasing  war  communications  needs  of 
our  country,  and  its  experience  in  over- 
coming war  difficulties  gives  further  as- 
surance that  it  will  meet  the  needs  and 
opportunities  of  peace.  Today  and  to- 
morrow its  welcome  task  is  to  make  tele- 
phone service  better  than  ever  before  and 
increasingly  useful  to  more  people.  .  .  . 
Today,  in  the  aftermath  of  war,  the 
nation  is  exploring  its  resources  and 
working  toward  a  new  equilibrium.   The 


problems  of  human  and  physical  read- 
justment have  closely  affected  the  Bell 
System  as  they  have  all  business.  These 
problems  demand — and  they  are  getting 
— the  utmost  effort  in  order  to  insure 
the  rendering  of  good  telephone  service 
all  the  time.  The  management  of  your 
Compan\-  was  never  more  mindful  of  its 
duty  to  meet  its  public  service  obligation 
fully  and  to  see  that  the  message  gets 
through.  It  looks  forward  to  providing 
more  service  and  better  service,  more 
jobs  and   better  jobs,   than   ever   before. 

From   tlir  A.   T.  o    7'.  Annual  Report 
f(,r  UJ4^. 


Co?isolidatio?i   of  Keystone  System  wtth  Bell  Company  of 

Pennsylvania   Eliminates  an    Uneconomic  and  IncJfLcie}it 

Situation  in  Only  Big  City  IVhere  It  Had  Continued 


Dual  Telephone  Service 
Ends  in  Philadelphia 

Peter  L.  Schauble 


In  Philadelphia,  third  city  in  the 
land,  43  years  of  duplicative  tele- 
phone service  came  to  an  end  early 
one  Autumn  morning  of  1945. 

At  7  A.  M.  on  Monday,  Septem- 
ber 17,  fuses  were  pulled  in  the  cen- 
tral offices  of  tiie  former  Keystone 
Telephone  Company,  cutting  off  the 
power  supply  and  silencing  the  Key- 
stone telephone  system,  while  at  the 
same  moment  circuits  were  closed  in 
several  central  offices  of  the  Bell 
Telephone  Company  of  Pennsylvania 
to  provide  new  or  additional  Bell 
service  to  former  Keystone  subscrib- 
ers. 

Philadelphia  had  been  in  recent 
years  the  only  large  city  In  the  coun- 
try In  which  two  telephone  systems 
have  rendered  service  side  by  side. 
The  events  of  that  September  Mon- 
day morning,  bringing  to  a  climax 
long  months  of  preparation,  construc- 
tion, and  Installation,  thus  marked 
the  ending  of  an  epoch. 


Starting  service  in  1902,  the  Key- 
stone Telephone  Company's  opera- 
tions were  centered  In  Philadelphia. 
It  operated  approximately  45,000 
telephones  and  seven  dial  central  of- 
fices In  that  citv,  and  a  few  hundred 
telephones  In  suburban  territory  In 
the  Pennsylvania  counties  surround- 
ing Philadelphia.  Through  associ- 
ated companies — the  Eastern  Tele- 
phone and  Telegraph  Company  and 
the  Camden  and  Atlantic  Telephone 
Company — It  also  operated  about 
5,000  telephones  In  southern  New 
Jersey. 

In  Philadelphia,  Keystone  service 
was  concentrated  In  the  business  dis- 
tricts. Its  slogan  long  had  been, 
"When  the  Keystone  Rings,  It's  Busi- 
ness," and  It  actually  served  fewer 
than  500  residence  subscribers. 

The  company  had  had  practically 
no  main  station  growth  In  the  last 
20  vears  of  its  existence.  It  had 
ne\cr  paiil  an\   (.II\idcnds  on  its  com- 
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mon  stock,  and  it  was  in  arrears  on 
dividends  on  its  preference  stock  by 
about  ten  times  the  designated  an- 
nual payments. 

More  than  93  percent  of  the  13,- 
000  Keystone  subscribers  also  had 
Bell  service.     The  Bell  Company,  at 


ment  between  New  Jersey  Bell  Tele- 
phone Company  and  the  Gary  inter- 
ests for  the  purchase  by  the  New 
Jersey  Company  of  the  stock  of  Im- 
perial Securities  Company,  a  holding 
company  which  controlled  the  three 
Keystone   operating  companies.     On 


"Let  'er  go!"  Connected  by  telephone  with  all  the  central  offices  in\'olved, 
Carl  R.  F^reehafer  (left),  vice  president  and  general  manager,  Eastern  Area,  Bell 
Telephone  Company  of  Pennsylvania,  gives  the  order  which  consolidates  Bell  and 

Keystone  service  in  Philadelphia 


the  time  it  acquired  the  physical  prop- 
erties of  the  Keystone  company,  op- 
erated approximately  465,000  sta- 
tions in  Philadelphia. 

Preliminary  Steps 

The  first  step  in  the  purchase  of 
the   Keystone   system  was   an   agree- 


January  30,  1941,  the  New  Jersey 
Company  filed  an  application  with 
the  Federal  Communications  Com- 
mission asking  its  approval  of  the 
purchase  of  this  stock.  An  amended 
petition  was  filed  on  July  23,  1942, 
in  which  the  Bell  of  Pennsylvania 
joined,  asking  that  approval  also  be 
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jriven  to  the  purchase  of  the  physical 
properties  of  the  Keystone  system  by 
the  two  Bell  companies. 

The  FCC  held  seventeen  days  of 
hearings  in  1941  and  1942  and  took 
1,449  pages  of  testimony.  It  ap- 
proved    the     proposed     purchase     In 


Ice,  and  in  selecting  between  such  tele- 
phones in  calling  other  persons  who 
subscribe  to  only  one  of  the  services," 
the  FCC  order  stated.  "This  dual 
service  involves  duplication  of  line 
and  line  structures,  central  offices, 
and    telephones    and    duplication    of 


Western  Electric  installers  at  work  on  the  frames  of  a  new  dial  private  branch 
exchange  system  being  installed  in  a  large  Philadelphia  bank  to  replace  a  combina- 
tion of  Bell  manual  service  and  a  private  dial  system  which  connected  with  Keystone 


March,  1943,  stating  that  consolida- 
tion "will  be  of  advantage  to  the  per- 
sons to  whom  service  is  to  be  ren- 
dered and  in  the  public  interest." 

"Users  within  the  competitive 
areas  are  inconvenienced  by  the  ne- 
cessity of  having  two  telephones  in 
order  to  obtain  comprehensive  serv- 


costs  for  maintaining  and  operating 
separate  facilities  whose  function 
could  be  served  by  a  unified  plant. 

"We  find  .  .  .  that  disadvantages 
to  particular  users  which  may  result 
from  this  program  of  acquisition  and 
consolidation  proposed  by  applicants 
are  outweighed  by  the  benefits  to  the 
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A  mcctinj^  ot  the  Keystone  stock- 
holders was  held  on  June  22,  1943, 
to  approve  the  sale  of  the  physical 
properties  to  the  Bell  companies,  to 
give  up  the  company's  telegraph 
rights — a  necessary  step  under  Penn- 
sylvania law — and  to  dissolve  the 
company  after  the  sale  of  its  physical 
properties  was  consummated. 

Subsequently,  applications  were 
made  to  the  regulatory  bodies  of  the 
two  States  involved.  In  Pennsylva- 
nia, the  Public  Utility  Commission 
held  two  hearings — at  which  com- 
paratively few  objections  to  the  pro- 
posed consolidation  were  raised.  It 
was  testified  at  the  hearings  that 
while  increased  telephone  costs  would 
result  for  some  few  Keystone  users 
after  the  consolidation,  the  majority 
would  save  on  their  telephone  bills. 
It  was  estimated  that  the  net  annual 
over-all  decrease  in  costs  for  users  of 
Keystone  service  would  be  in  excess 
general  public  to  be  served  and  the      of  $100,000. 

advantages    of    increased    efficiency.  Both    Commissions    approved    the 

convenience  and  comprehensiveness  project,  the  Pennsylvania  Commis- 
of  service  which  may  be  expected  to  sion  stating  that  the  merger  would 
follow.  .  .  ."  benefit  both   Bell  and  Keystone  sub- 

The  Commission  also  pointed  out      scribers  and  that  it  would  be  of  long- 
that  the  conservation  of  materials  es-      range  benefit  to  the  public, 
sential  to  the  war  effort  was  another 

important  factor.     It  was  estimated      Special  Organization  Set  Up 
that  about   1500  tons  of  copper  and 


FiFTV-Two  HUNDRED  servicc  orders  were 
written  in  Pennsylvania  as  a  part  o\  the 
consolidation  program.  Here,  one  of 
them  is  going  by  teletypewriter  to  the 
test  center  involved 


smaller  quantities  of  other  critical 
metals  would  be  released  by  the  uni- 
fication. 

Following  approval  by  the  FCC, 
the  New  Jersey  Bell  Company  ac- 
quired all  the  stock,  of  Imperial  Se- 
curities. F.  V.  Addicks,  general 
plant  manager  of  New  Jersey  Bell, 
became  president  of  the  Keystone 
Telephone  Company  of  Philadelphia, 
and  a  number  of  the  new  directors 
and  officers  were  Jersey  Bell  officials. 


After  legal  details  of  the  sale 
were  completed,  the  Bell  companies 
took  over  the  physical  properties  of 
the  Keystone  system  in  the  Fall  of 
1944.  At  that  time  Keystone  had 
394  employees  in  Pennsylvania — 66 
of  them  in  the  armed  forces — who 
were  taken  into  the  Bell  of  Pennsyl- 
vania organization  with  full  credit 
for  the  length  of  their  Keystone  serv- 
ice in  benefits,  pensions,  and  similar 
matters. 
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tral  office,  located  in  the  center  of  the 
city,  and  the  Recent  central  office,  in 
the  industrial  northeast  section. 

At  Lombard,  where  the  largest 
installations  were  made,  it  was  nec- 
essary to  add  two  sender  frames, 
two  link  frames,  four  district  frames, 
two  line  finders,  and  one  office  frame; 
and  1,200  subscriber  lines,  213  Hnal 
selectors,  and  190  dial  impulse  re- 
peaters. In  all,  seven  Bell  offices  re- 
quired additional  central  office  facili- 
ties, and  a  large  number  of  outside 
plant  rearrangements  and  additions 
were  necessary.  A  total  of  1,134 
work  orders  to  construction  forces 
were  issued   for  outside  plant  work. 

All  of  the  large  Keystone  sub- 
scribers had  duplicate  service.  This 
meant  that  in  some  cases,  where  Key- 
stone usage  was  light,  only  very 
slight  additions  to  subscribers'  facili- 


Preparations  were  begun  immetli- 
ately  for  consolidation  of  the  two 
systems.  Keystone  telephones  in 
Pennsylvania,  meanwhile,  were  op- 
erated as  the  Keystone  Division  of 
the  Bell  Company. 

A  consolidation  committee,  made 
up  of  personnel  from  the  depart- 
ments involved,  prepared  plans  for 
the  consolidation  and  cut-over.  This 
was  supplemented  bv  a  cut-over  com- 
mittee, in  charge  of  the  execution  of 
plans. 

Engineering  groups  studied  the 
a\ailable  tvpes  of  Kevstone  equip- 
ment, to  determine  which  could  and 
which  could  not  be  used  for  Bell  serv- 
ice. These  studies  resulted  in  the  re- 
tention of  Keystone  handsets,  some 
special  switchboards,  and  a  certain 
amount  of  other  equipment.  The 
general  plant  supervisor's  forces  de- 
veloped maintenance  practices  for 
this  equipment,  and  training  of  main- 
tenance personnel  was  done  bv  Bell 
Held  forces. 

The  sales  organization  began  the 
task  of  interviewing  the  approxi- 
mately 13,000  Keystone  subscribers, 
making  surveys  of  the  equipment  in 
service,  the  subscribers'  telephone 
needs  and  usages,  and  arranging  for 
the  issuance  of  service  orders  in  con- 
nection with  the  necessarv  installa^ 
tion  of  additional  Bell  equipment  and 
rearrangements  of  existing  equip- 
ment. 

To  FR()\ini:  sufficient  Bell  service 
to  take  care  of  the  expected  demand 
meant  that  additional  equipment  had 

to  be  installed  in  v^arious  Bell  central  ,,  1111,-11- 

rr  n  r    I'       .        »  LuTTixG  OFF  the  lite  blood  ot  the  Kev- 

omces.      because   or    Kevstone  s   con-  ^  t-  i     u  c  m       t     \v 

.  ■      .        .  stone     1  elephone    bystem:    Mr.    J.    \N . 

centration  on  busmess  service,  it  was  r^^,^    ^^.i^^j^    Keystone's    oldest    em- 

tound    that     the    greatest     additions  ployee,    pulls    the    fuses    at    Keystone's 
would  be  needed  in  the  Lombard  cen-  Race  central  office 
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tics  had  to  be  made  to  the  Bell  in-  Some  of  these  "trader  boards"  used 
stallations  already  in  place.  But  in  as  many  as  60  lines,  connecting  both 
many  instances  this  was  not  true,  and      with  the  central  office  and  with  per- 


neither  the  Bell  nor  Keystone  instal- 
lations were  large  enough  to  handle 
the  combined  traffic  expected  after 
the  consolidation. 

In  some  instances,  new  Western 
Electric  facilities  were  available   for 


haps  25  other  subscribers  over  pri- 
vate lines,  and  having  as  many  as  ten 
operating  positions.  An  intricate 
network  of  private  lines  was  thus  in- 
volved. These  arrangements  were 
taken  over  virtually  intact.  ,  The 
former     Keystone     service    was,     of 


replacements.      But   in   a   number  of      course,  confined  to  Philadelphia  and 


cases  these  problems  were  solved  by 
a  complicated  exchanging  of  equip- 
ment, so  that  a  Bell  or  Keystone 
switchboard  removed  from  the  prem- 
ises of  one  customer  was  recondi- 
tioned and  installed  for  another  cus- 


nearby  subscribers;  but  after  the 
cj.it-over  it  was  possible  to  add  sev- 
eral leased  lines  to  New  York  and 
other  outside  points  for  some  of  the 
"trader  board"  users. 

The  large  number  of  leased  lines 


tomer,  w^hile  the  first  customer  might  provided   by    Keystone    to    telegraph 

receive  equipment   formerly  used  by  companies,    fire    and    burglar    alarm 

still  a  third  subscriber.  systems,  and  wired  music  firms  also 

As  an  example,  before  the  consoli-  meant    extensive    rearrangements    of 

dation    one   large    subscriber   used    a  plant.     Keystone  had  approximately 

6-position   manual   Bell   switchboard,  3,500  such  lines.     It  was  necessary  to 

serving  483    telephones,    and   a   sub-  make    entirely    new    circuit    arrange- 

scriber-owned  one-position  dial  PBX  ments  in  most  of  these  cases,  so  that 

connecting  with    Keystone   lines   and  the  services  provided  by  the  two  sys- 

serving    623    telephones.      The    sub-  tems  could  be   coordinated   into  one 


scriber-owned  Keystone  telephones 
were  used  very  largely  for  interior 
service.  In  unifying  the  service,  sub- 
scriber-owned    facilities     were     pur- 


without  interruption  to  service. 

Easing  the  way  toward  the  final 
consolidation  was  an  agreement  with 
chased  and  a  new  4-position  Bell  dial  many  large  subscribers,  prior  to  con- 
PBX  was  installed,  with  629  tele-  solidation,  that  as  soon  as  additional 
phones.  In  this  case,  new  Western  Bell  facilities  were  installed  their 
Electric  PBX  facilities  were  avail-  Keystone  service  could  be  discontin- 
able,  and  the  older  equipment  was  ued.  Practically  all  of  the  large 
removed,  modified,  and  re-used  for  PBX  users  who  required  new  switch- 
other  subscribers.  board  installations  had  thus  been 
Another  complicating  factor  was  transferred  to  complete  Bell  service 
the  large  number  of  so-called  "trader  prior  to  September  17.  Because  of 
boards"  operated  by  Keystone,  and  this,  and  normal  disconnections  in  the 
used  by  more  than  100  large  sub-  year  before  the  final  cut-over,  when 
scribers,  most  of  them  financial  no  new  Keystone  subscribers  were 
houses.  This  was  a  special  develop-  added,  the  number  of  Keystone  tele- 
ment  using  large  amounts  of  lamp  phones  in  service  dropped  from 
and  key  equipment  and  private  lines.  45,300,  at  the  time  Bell  took  title  to 
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the  system,  to  approximately  22,400 
on  last  September  17. 

In  summing  up  after  the  unifica- 
tion program  had  been  completed  in 
Pennsylvania,  it  was  found  that 
5,200  service  orders  had  been  issued, 
resulting  in  a  net  increase  of  approxi- 
mately  5,000   Bell  lines   and    12,000 


of  the  Pennsylvania  Company,  and 
from  the  Keystone  Division,  to  assist 
in  the  program,  and  they  worked 
long  hours  of  overtime  to  complete 
the  tremendous  installation  job. 
They  were  assisted  by  Western  Elec- 
tric installers,  who  handled  the  addi- 
tional   central    office    equipment    and 


For  part  of  its  60  miles,  the  old  Camden  &:  Atlantic  open-wire  toll  line  ran  through 
swamps  accessible  only  to  men  equipped  with  rubber  boots 


telephones.  Fifty-eight  dial  PBXs 
had  required  modification  or  replace- 
ment and  412  new  switchboards  had 
been  installed. 

Installation  Problems 

A  TOTAL  of  164  people  were  re- 
cruited   from    all   over   the   territory 


the  work  on  the  larger  dial  PBXs. 
The  regular  forces  in  the  Accounting 
and  Directory  Departments  also  per- 
formed a  sizable  job  in  handling  the 
necessary  changes  in  billing  and  list- 
ing records. 

Because    of   the    large   number   of 
changes    in    the    PBX    equipment,    it 
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was  necessary  for  the  Traffic  Depart-  erators  the  day  of  the  consolidation, 
ment  to  conduct  an  extensive  training  For  the  comparatively  few  indi- 
program  for  PBX  operators.  All  vidual  and  party-line  customers  who 
operators  affected  were  visited  by  had  no  duplicating  Bell  service,  it  was 
Bell  traffic  representatives,  and  were  necessary  to  make  new  Bell  installa- 
given  comprehensive  training  where  tions,  connecting  Bell  lines  to  Key- 
new  switchboards  had  been  installed  stone  instruments  where  they  were 
or  where  old  boards  had  been  modi-  re-usable  and  then  inserting  heat  coils 
lied  to  any  large  extent.  in  the  Bell  circuits  at  the  time  of  the 


About  120  tons  of  copper 
wire  were  salvaged  from  the 
Carhden  t^'  Atlantic  line. 
Pictured  is  one  of  five  car- 
loads shipped  to  the  Nas- 
sau Smelting  and  Refining 
Company 


Prior  to  the  cut-over,  the  large 
users  had  been  provided  with  addi- 
tional Bell  lines.  Some  of  these  were 
so  arranged  at  the  central  office  that 
they  could  be  put  in  service  by  insert- 
ing heat  coils  in  the  circuit.  In  other 
cases  dummy  plugs  were  placed  in 
the  trunk  jacks  on  the  PBX  switch- 
boards, which  were  removed  by  op- 


cut-over.  Then,  at  the  proper  time, 
it  was  necessary  only  to  close  the  cir- 
cuits in  the  Bell  offices,  while  in  the 
Keystone  offices  the  fuses  were  re- 
moved, shutting  off  the  power. 

Usable  Keystone  instruments  were 
modified  by  providing  new  dial  face 
plates  and  new  number  plates,  the 
latter   having   the    Bell   numbers   un- 
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ilcrnciith  with  tcinporarx  Kc\  stone 
plates  on  top,  which  were  removed 
by  the  customers  after  the  cut-over. 

The  climactic  moment  came 
promptly  at  7  a.m.,  with  Carl  R. 
IVeehafer,  vice  president  anil  gen- 
eral manager,  I^astern  Area,  in 
charge.  Stationed  at  the  Lombartl 
central  office,  he  was  connected  by 
telephone  with  all  the  other  offices 
affected,  and  his  "let  'er  go"  was  the 
signal  that  ended  dual  telephone  serv- 
ice in  Philadelphia. 

At  Keystone's  Race  central  office, 
the  fuses  were  pulled  by  J.  W.  Root, 
oldest  Keystone  employee,  who  had 
taken  part  in  the  inauguration  of 
Keystone  service  in  1902.  Now  re- 
tired, Mr.  Root  came  back  for  the 
final  job. 

A  few  minutes  later  the  Keystone 
offices  were  virtually  deserted,  the 
switchboards  and  dial  apparatus  si- 
lent for  the  first  time  since  their  in- 
stallation in   1921. 

Although  it  is  planned  ultimately 
to  replace  all  former  Keystone  sta- 
tion equipment  with  standard  Bell 
System  facilities,  a  considerable  num- 
ber of  instruments  have  been  modi- 
fied and  re-used,  as  well  as  a  number 
of  PBX  systems.  The  net  gain  in 
usable  instruments  is  estimated  to  be 
about  13,000,  and  these  are  being  re- 
used throughout  Pennsylvania. 

The  PBX  equipment  not  re-used  is 
being  sold  through  Western  Electric, 
and  both  the  central  offices  and  their 
associated  equipment  are  also  being 
disposed  of. 

Due  to  the  shortage  of  facilities  at 
the  present  time,  every  effort  w^as 
made  to  re-use  all  possible  equip- 
ment. However,  because  it  would  be 
necessary    to    maintain    repair    parts 


stocks  tor  equipment  manufactured 
by  sexeral  different  companies  and 
to  train  men  in  repair  work,  plans 
have  been  made  to  retire  nearly  all 
former  Ke\stone  equipment  as  soon 
as  practicable  after  the  facilities 
shortage  ends. 

New  Jersey  Bell' s  Part 

Meanwhile,  the  New  Jersey  end  of 
the  physical  consolidation  had  been 
completed  on  the  morning  of  March 
13,  1945.  The  Keystone  system 
(Eastern  Telephone  &  Telegraph 
Company)  operated  in  and  around 
Camden,  and  in  Cape  May  County 
in  the  extreme  southern  tip  of  the 
state;  and  while  the  New  Jersey  Bell 
Telephone  Company's  task  was  nu- 
merically smaller,  it  presented  its 
own  share  of  difficulties. 

The  Camden  part  of  the  job  w^as 
relatively  simple.  Of  the  1,500  Key- 
stone telephones  there,  all  but  per- 
haps 300  of  their  users  also  had  Bell 
service,  and  for  them  it  w'as  merely 
a  matter  of  eliminating  the  Keystone 
service.  There  still  w-as  room  at  Bell 
switchboards  to  accommodate  the  re- 
mainder. 

In  Cape  May  County,  however, 
tlie  situation  was  different,  and  tiie 
consolidation  was  termed  bv  veterans 
a  harder  job  in  some  respects  than 
some  of  the  Company's  major  dial 
conversions  had  been.  The  problem 
was  how  to  atld  a  substantial  number 
of  new  customers  from  Keystone 
switchboards  to  Bell  central  offices 
already  at  capacity  loads  and  in  build- 
ings into  which  extra  equipment,  even 
if  available,  could  not  have  been 
jammed  with  a  shoehorn.  Diligent 
consideration  of  all  possibilities 
evolved    a    plan    for    interconnecting 
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the  Bell  and  Keystone  offices  at  Wild- 
wood,  and  also  in  Cape  May  city,  so 
that  local  service  between  the  two 
boards  in  each  case  could  be  obtained 
with  normal  operation,  and  toll  serv- 
ice completed  as  though  the  two  of- 
fices were  tied  together,  through  the 
use  of  a  common  numbering  system. 

Small  Keystone  offices  at  Sea  Isle 
City  and  Cape  May  Court  House 
were  closed  and  their  customers  were 
transferred  to  Bell  offices.  Bell  and 
Keystone  offices  at  Dennisville  and 
Woodbine,  serving  roughly  the  same 
areas,  were  continued  in  operation. 
A  midget  dial  office  at  Villas  was  con- 
tinued and  later  was  replaced  with  a 
larger  dial  unit. 

A  unique  Plant  job  was  removal  of 
the  40-year-old  toll  line  linking  Phila- 
delphia and  Camden  with  the  Jersey 
shore  area  for  the  Keystone  system. 
Some  1,400  miles  of  copper  line  wire, 
weighing  about  120  tons,  was  re- 
moved and  salvaged,  7,800  cross- 
arms  on  2,900  poles  were  removed, 
and  1,400  of  the  poles  were  taken 
down.  Many  poles  were  in  swamp 
land  inaccessible  except  to  construc- 
tion men  on  foot  and  wearing  hip 
boots.  Working  conditions  were 
hazardous.  Much  of  the  line  flanked 
a  heavily  traveled  main  highway,  the 
White  Horse  Pike,  creating  traffic 
risks.  Many  poles  were  defective 
and  unsafe,  and  many  non-standard 
and    hazardous    conditions    existed. 


Several  difficult  railroad  and  major 
highway  crossings  were  involved. 
All  of  these  potential  accident  con- 
ditions complicated  the  making  of 
some  4,000  normal  "climbs"  and 
pulling  down  and  reeling  7,000,000 
feet  of  wire — all  of  which  were  ac- 
complished without  a  single  accident. 
As  in  the  case  of  the  Pennsylvania 
Company,  the  66  employees  of  East- 
ern Tel.  &  Tel.  who  joined  the  New 
Jersey  Bell  organization  received  full 
credit  for  their  previous  service  as 
regards  benefits,  pensions,  and  simi- 
lar matters. 

Consolidation  of  the  Keystone  Sys- 
tem was  the  largest  job  of  its  kind 
ever  undertaken  by  the  Bell  Tele- 
phone Company  of  Pennsylvania,  and 
was  completed  in  remarkably  short 
time,  despite  the  many  handicaps  im- 
posed by  the  wartime  scarcity  of  fa- 
cilities and  manpower. 

Thus,  after  many  years,  the  era  of 
duplicative  telephone  service  in  Phila- 
delphia and  in  adjacent  New  Jersey 
has  finally  come  to  a  close,  in  accord- 
ance with  the  long  accepted  principle 
that  for  two  telephone  systems  to 
serve  the  same  community  is  waste- 
ful, expensive,  and  inefficient.  An- 
other milestone  has  been  passed  in 
the  Bell  System's  effort  to  make  it 
possible  for  "anyone  anywhere  to 
pick  up  a  telephone  and  talk  with 
anyone  else  anywhere  else.   .   .   ." 
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